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In the present work the author has developed a method of analysis 
in polar co-ordinate • system, for a loaded circular plate on an elastic 
foundation by using finite difference technique. The subgrade has been 
assumed as semi-infinite elastic isotropic homogenous material. No assumption 
regarding the contact pressure distribution has been made. The equations 
have been developed in non-dimensional fom and the results also have been 
obtained in non-dimensional form. The deflections are assumed to be small 
and the plate is assumed to be thin. 

The results have been compared with some experimental insults 
given in Reference 6. The aggrement is quite good. The problem has been 
solved for a single concentrated load at various radial positions various 
values of D^^. This is the most general case of loading and the results 
for any particular case of loading can be obtained from the results of the 
present method by proper superimposition. To show how to do this a few 


(iii) 



particular cases of loadings have been solved. 


5inal3y the results have been presented in the form of polyno- 
mial equations involving the various independent variables of the problem. 
The co-efficients have been tabulated and the method of using this 
CO— efficients to get the deflection for any particular case have been 
discussed. Using these co-efficients, the deflections for any particular 
case can be obtained by using a small digital computer or even a desk 
calculator . 
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GHAPTER I 


n:TIiOIUGTION 


1 .1 Jjitrodgct ion 

The stady of plates on elastic foundation has an important 
application in foundation engineering. It is a formidable hurdle 
for engineers even today to arrive at an economical and rational basis 
of design for ciralar raft foundations. In the present analysis a 
method of solution has been discussed uhic^'is perfectly ,'^neral in 
the sense that the results obtained by this can be used to solve 
p3roble3as of circular plates on elastic foundations for any type of 
loading by proper superimposition. Hiis problem occurs in practice 
in the ■ foundation of water towers, chiranies, silos and similar . ■ 
structures . 

The assumptions on the basis of lAich the present fonnulation 
has been done au^e: 

i) The subgrade is assumed to be a semi-infinite, elastic, 
isotropic homogeneous solid. This is a very common assumption made 
for subgrade and in the case of' normal structures under small 
settlement conditions this gives a realistic pietTure of the actual 
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s trees condition. Another coEoaon assmption about the subgrade 
which has been used ty many investigators is that of dense liquid 
subgrade, where it is assumed that the reactive pressure at any point 
is directly proportional to the deflection of the subgrade at that 
point. In this assumption the lateral continuity of the soil mass 
is ignored. Preferance has been given to the elastic isotropic 
solid assumption over the dense liquid assmption because it gives 
a more realistic picture of the actual subgrade thou^ it has been 
seen that the latter assumption gives quite agreeable solution in 
some cases. 

ii) It is assumed that the theory of thin plates is appli- 
cable to the plate under consideration and thus the basic limita- 
tions of the plate theory are also applicable to the present problem. 

iii) The plats is assumed to remain always in contact with 
the subgrade. This obviously implies that there must be some adhesive 
force to keep the plate from lifting. In practice the weight of the 
plate and the overlying meiss of soil prevent lifting of the plate 
from the subgrade. 

iv) The shear force at the interface of the plate and the 

subgrade has been neglected. This shear force which is developed 
owing to sliding tendency between the plate and the suhgrade will 
be of very small magriitude and as such will have very little effect 
on the deflected shape of the plate. 
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t) The extemal moments at the loading points have been 

neglected. 

vi) Deflections are small. 

The main merit of the present method is that no assumption 
regarding the nature of contact pi^essure distribution is necessary. 
Equations have been formulated eliminating. this unknown pressure 
distribution from the condition of equilibrium and compatibility of 
the forces and deflected shape of the plate and the subgrade 

S'urface. 

1,2 Review of Past Work 

The subject of plates on elastic foundations has received 
engineers^ attention mostly since the second quarter of this 
centur^r. Both plates and beams on elastic foundations constitute a 
vast field of study, A rather less intensive study has been 
devoted so far to the bending of plates on elastic foundations 
than to beams. 

The contribution to the problem of plates on elastic 
foundation can be subdivided into three major groups, according to 
the different subgrade assimiptions made in the analysis. These are: 

i) The first group assumes the subgrade to have a constant 
subgrade modulus, i.e., the deflection of the elastic foundation at 
any point of the sirrface is directly proportional to the pressure 
at liiat point caid is independent of pressures at other points. 
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Mathematically it can be expressed as 


where 


P = Kw 

P = Reactive pressiire 
K = Constant subgrade modulus 
V = Deflection of subgrade 


This assumption, obviously ignores the lateral link in the 
semi~infinite continuum. Physically this model can be inteipreted 
as a system of xautually independent separate springs with the same 
linear elastic properties. This occurs in practice in a dense 
liquid, on xdiich structxires remain in a floating condition. 

ii) A second kind of assumption for the subgrade which 
has been taken by many investigators and accepted by the author in 
the present analysis is that of a semi-infinite isotropic licmo- 
geneous elastic solid. In this case the deflection of a particular 
point of the suhgrade is dependent not only on the pressure at that 
particular point, but also on the pressure at all other points of 
the subgrade. 

Obviously, this assumption presents a rather complicated 
mathematical barrier. But engineers have many a time accepted this 
trouble by including in their analysis this logical assesment of 
the subgrade properties. 

iii) The third group includes various kinds of assumptions 
other than the two described, above, ©•g. , elastic layer system. 
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anisotropic tehaviour, elastic properties varying with depth., 
composite laj^'er foundation etc. 

Incidentally, the first type of assumption as stated above 
was made ly Winlclor . This assumption, despite its limito-tions, 
leads to good resnlts for many practical problems such as floating 
bridge-s, floating ice ferries idiere the relation P = Kw represents 
a simple consequence of the law of Arphimedes, as well as in the case 

of plates and beams resting on a sufficiently thin deformable layer. 

27 

Pickett has commented that, when the subgrade is an elastic layer 
of finite thickness, and is supported by a base of much more rigid 
materirol, then for hearing plates of diameter larger than the 
thiclrness of the elastic layer, the effect of the subgrade on the 
bearing plate will be more nearly like dense liquid than that of 
semi-infinite elastic solid. With this model of foundation a rapid 
developnent of the field of plates on elastic foundations occurred 
after the second world war, particuliirly to cope up with the 
problem of designing concrete road pavements and aircraft runways. 

A large amotint published appeared, 

mairxly concerned xjith furnishing engineers with practical design 
methods. Bat most of these works concern >/ith infinite slab 
loaded with a concentrated force or a patch load. These x-jorks xoere 
mainly carried out in U.S.A. at different Highway Research Institutes. 

A large nimiber xjorks xri.th the same- asstuaptlon of dense 
liquid ha've been published in many other coxmtries, partictilarly 
U.3.S.R., Japan and Geirmany, A comprehensi-ye review of the -works 
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done in Poissia is given by Korenev * , A series of papers by 

1 2 

Atsushi Saito et.oJL. ' have dealt witb the solution of finite 
circulax plates with help of infinite series involving Ber, Bei, 

Kor and Kei functions. 

28 28 

In the third group first comes Heisnerr foundation ’ , 

In this case the subgradc is assumed as a vertically loaded elastic 

layer in vdiich the horizontal stress components are neglected* 

P9 

Bhines'' points out that this model may predict excessive stresses 
in the structure because this is not very realistic for relatively 
thick foundation laj^er. 

14: 15 10 

Kext comes the Hetenjd. foundation * * , Here the subgrade 

is represented two sets of springs with two different spring 
constants and a fictitious member in betvreen them* In this case 
an arbitraiy degree of discontinuity may he allowed for the subgrade. 
This assumption lias been applied to plates on elastic foundation by 


Here it should be noted that the Reissner foundation leads 
to a sixth order differential equation end Iletenyi foundation leads 
to an eighth order differential equation. Though this provides 
greater adaptibili-fy , idiile solving them mathematically they bocome 
very much ccsaplicated. 

With elastic isotropic solid subgrade assumption, probably 
17 18 

Hogg and Hpll had boon the first to publish their worlcs in 1938. 
They have independently solved the problem of a thin slab of semi- 
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infinite dimension supported Igr a seni-infinite elastic subgrade. 

26 

Pickett aaid Badruddin has given some influence charts for 
design of semi-infinite pavement slabs -with 'iliis assumption. 

0 

In a more recent work Ghatterjoc and Oiosh have solved 
the case of a circular plate on elastic foundation for sis equally 
spaced concentrated loads. The present >S)rk is a generalisation of 
the-ir work. 

A comprehensive review of ‘t.hc various foundation models 
has been given by Kerr^^. 

In the present ana.ljrsis the subgrade has been a,sstvaed as 
a semi-infinite homogenoous , isotropic elastic body. Because as 
pointed out earlier Winkler's assumption neglects c ample toly the 
lateral continuity of the soil mass .and the models of the third 
group are very ccmiplicated mathcmiatically. The reason foi* avoiding 
complicated mo.thematics being that the purpose of the present 
analysis is to provide engineers with a sound rimthod of design of 
circular plates on clastic foundations. 

l.S Object and Scope of the Presen t Work 

The main object of the present analysis is to find a method 
of solu'bion for circular plates on elastic foundations, wliich is 
perfectly general and can be used for any type of loading. The 
results have been obtained in non-dimension a.l foim. so that this 
solution is valid for any plate material, any type of subgra.de material 
and for any dimension of the plate. 
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Scientists have idealised the subgrade, though the behaviour 

of actual subgracle is vcn-y much unpredietalilc even with elaborate 

soil tests. The assunption of isotropic elastic homogeneous solid 

is a very common assumption aaid perhaps the most widely used in solving 

19 

settlement problems of foundation engincer-ing, Terzaghi pointed 
out, "if the factor of safety of a mass of soil with respect to 
failure, by flow excucids a value of about 3, the st.ate of stress 
computed in the soil is likely'' to be more or less similcr to the stress 
computed on the assumption that the soil is perfectly clomtic. Hence, 
the state of stress in a mass of soil under influence of moderate 
stresses can be estomated by means of theory of 6lasticit;r”, The 
range of stress end strain in soil undemeobh normal foundation of a 
structure will be well below the plastic st-ato. 

Thus, it is obvious that the present work has a potential 
applicability in the field of ’•Foundation jBJnglneering". 



OHiPTER II 


TimSPIGilL .AITilLlSIS 


2 » 1 MG.thcr:ia.t i cal j fcdol and Idcjalisation 


Taking all tho acsutaptions desci>iL)od earlier in Gxiapter I, 


the iiathematical equation for plates on clastic suhgradc^ 


33 . 

is given 


hy 


D ( 




I^) = qU,j) - p(x,y) 


( 2 . 1 ) 


wherGy D = Flexaral rigidity of the plii: 
•fi- '.3 

= -.V ... 


1E(1- M ) 


Sp ■= Modulus of elasticity of the plate naterial 

h = Tliicloiess of the plate 

/i/ = Poissorls ratio of the plde material 

vr = Deflectiorx of the pla.t© 


= Loading pressure on the plate 

= Reactive pi^ssure froxi the subgrade on the plate 


q(3C,y) 

p(x,y) 


9 
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Oat of all the variables as li,sted above the onljr tmlcnovjns 
are w cmd p(x,;0« The reactive pressure p(x,y) depends upon the 
properties of the subgradc and plate, diinsnsion of the plate and the 
loading pattern* 

The above equation when G>q}ressed in polar co-ordinate 

systcr.! talce-s the forn 

■■■■( 2 . 1 ) 

where p is the radial coordinate and 0 is the anguler co-ordinate of 
a point on the plate. 


2IW.4.L. 


/ 


2*2 Approach to Pit-ierical. S olu tion 


Finite Dj -ff ercnco E xpression for Plats Equation 


The left Inmd side of the plate equation is nothing but the 
bihaivaonic operatoi-. So to find the finite difference ojcprossion of 
the plate first the polar bihamonic operator is expanded as shown 
belovrj 



* - • ' • ' C ^ * 3} 
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The plate has been divided into elenc-nts by radial lines and concent ilc 
circles as shom in Mg, 2.1. The points at which the differences 
are tcJ<:on are the central point of each e3.eaa<. nt and not the 
intersection of tlic grid lines. Thi. ro.ason for this vail be pointed 


out later on. 

For tlio arrongenent of elenents in polar systen as shorn in 

3 9 30 

Fig. 2*1 the finite difforenco expressions * * for the various 
partial derivatives of w in for an olcr.r.nt I,v are: 




2 d 


(a£_JL.) 


Wtj .1 ■“ + w,- . 


_ + 2W^ , _ - 


/ d w V ^ "I+2.V ^^^''I+l.v '""I-.1.V "I-2.V 

dpS ■ g^3 


Wt^O „ - ^ .. + Ovj-T „ - dw-T ^ + W-r 


/ .a w X ^ “•I+2.V ^"I+l.v ^”I.v ""I-l.v ’ ‘^I-2 .v 

' r\ ^ A' T ^ A 


Q p4 I,v 

j) 


(Seh.v 


= ^I.V+1 " ^I.V-1 

2 /V 


> 2 

■ G W\ 


V\r\ 

^■^e2A,v 


^I. vfl - ^I.v ^I.v-l 


(— ) 

^^q3^I,v 


■'^T ~ J.1 + SV-r ^ - Wt 

I.vt 2 I.v+1 ItV~l I.v~2 
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^4 


Wt _lo - . . + SW-r - 4 Wt. . + „ 

I,V+S I,V+1 I.V I.V~ 1 1,Y -?. 


>5 

/ 0 W N 

f *>. ii>iiinBiiiu* nwaiw tt n>M(>i4iiUbMfc I 

I'-" 


A- , ''l.v4-l ' “I-V-I' 


1 f / ^ N 


-2(w. 


i+l,V “ ^'^1-1,7^ ‘'^^I+l,V-l " ^^I-.1,V-1 




— ) 

\ -s ^ O *v 


_ 1 o 


(■Wt - SWt- „ + Wt „ J 






^^^I+l,v+l " 2Wj,v+l ■'■ ^I-l,r^l) 


-2(wt-, . - 2Wt. + w- . ) 

I+l,v I,v I-l,v 


('Wtj.i ^ ~ 2w-r ^ + w_. . .) 

I+1,V~1 I,V"1 l-¥l,v-l' 


Substituting those in the equation (2.5) end using the relation 

\ 

y = (I- .5) S 


the final foriTi, after sinplification,of the bihojxionic operator is 
given b 3 ?’, 



I,v+2 



i'i 




+ — 






(2.4) 


The cbovfc equation (2.4) can he convioniently expressed in a chart 


forn as sho-wn in Chart 1. 


2*2.2 Finite Diffe rence Bxpros sio ns fo r Mome nts , 

The e3qpressions for Up iond Hq in tezns of deflections (v) 
is also expanded in finite difference foKn as shox^ belou. Biese will 
he necessary for calceilatin^'j Mp and Mq after getting the deflections. 

The expressions for Mp and Hq in. terns of dc.floctions in 
polar forn, are given hy. 


M a = -B 


3ik- + i, (i + _L hfs!.') 

"A'? 3? ^ 

r Am i 


1 3 V , 1 , jT "^21 

f de^ ' df 


(2.5) 


( 2 . 6 ) 


The finite difference form of the above 


ex^sressions are. 


(Mo )j ^ 


•0 Wjj.,, + — — — -7-7) + Mj (- -r. 

I-l,v 2 (I-. 5 )S^ b' 
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+ w. 


'I-- ’ 2(1-5). 5^^ 


A 


-) + 


A 


+ w. 


) 


(2.7) 




A 

+ T^) + w. 


A+l,v ^2 ^2^ !^I,V ^ (L-.5)~ 5^ 


2 A 


) 


+ >. „ ( 


1 ^ ^ 

+ -—7^) + 


Ar + W-r „ J 


2(I-,5)^A I,v-1 

( 2 . 8 ) 


Tha above equations in chart forn ai“e sho\.jn in Ghsrts Z end 3. 

2.3 Formulation of the Theox*et ic.al...4na3-y sis 

The basic nethod in solving the problem is to find oxp2:*cssions 
for the deflection pattern of the subgrade in terras of the reactive 
pressuTvi and the deflection pattern of the plate in ton,is of the reactive 
pre’3 su.ro and the G:.ctomal load applied. After getting these tvo expre- 
ssions the reactive ]pressure from the subgrado is eliminated betijeen 
thess and a nexj expression involving onlgr one unknown, viz, deflection 
pattern is obtained. This can be done because the deflection patterns 
of the subgrads and the plats will bo the sane. The reason for doing 
this is thdt in th-o plate equation (2.2) there are two unlaiowns, the 
deflection w and the reactive pressure p. 

2,3,1 Develom en t of the Concept of D efle ction Go-efficien t 
for El astic SiAgrade, "j ( l. J.lf) 

■'/toon a concentrated load is acting on the surface of 

32 

a seni-infinite clastic solid, according to Boussinesq , the expression 



for deflection of a point on the surface at a distance of r fron the 


loo,d point is given by, 


w 


TlE^r 


(2.9) 


whore, w = Deflection of the point 


P = Oonccntratsd .point load 


E = Modulus of elasticity of the elastic sol5.d 
s 

1 ) - Poisson’s ratio of the nrt‘.:::-ial 


In tliis subsection only the deflection of th'.- sui>gi'adc xjill 
bo condidcred. Por solving the present problen the contact area 
betT'/oen the plate and the subgradc- has been subdivided into 1-14 elenents 
by radial lines aivl concentric circles as the plate (Pig* 2,1) , The 
pressui-’o intensity in one prxrticular slcnent has boon assuaed to 
remain constan.t, 

Ba.ch elcnent is represented by ^ jind 6 co-ord5.natGs s?.s 
shox-m in Fig. 2.2. So the actual co-ordina.tes of the central point 
of the f - 9 eleiicnt is given by ^ - 0,5) b > ©3 • 

From Ri.g. 2.3, it is clear that the deflection at the 
centre of J-n eleraent due to a load Intensity of p on the elemental 
area (shaded) of I-v clement, which may bo considered as conctratod 
at the centre of that infinitesimal area, will be given according to 
equation (2.9) by 
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•n 


1 

^'^7 p -r d6 dr 

s 


i\K 


p d© dr 


( 2 . 10 ) 


Since, the pressm-e intensity on tlio I-v elenent has been 
considered as uniroz’n the dofloction at -feo centre of -J-n elez^Gnt due 
to the load on I-v elenent will be given b"/. 


w 


■J-n 


f' r 

w p \ yar ae 


.'iy. 


Eo„, roplacinE tic. prs-ssm-c Intensity by, :^Vof ' 

the esqjression be cones 

"J-n ° ^ oUur" 

where = Total unifomly di-stributed load on I-v elenent/. 

i,v 

2.3.2 2^f^li>i.PP;.. pf. lithe_ Deflec tion G o-cffocien t ^ (I, J ,K) 


The right hand side of the abo-»rc equation (2.1l) con be 
eiqpressed as a const.-nt quantity imltiplicd 'hj a non-dinsnsional 
vaxdablc given by. 


(l-.5)§ 


j ^ dr d6 


bow this expression of the variable is found to depend on r, which is 
again dependent on three other independent variables Ifoere 

I,-T are the p- co-ordinates of I-v and J-n elonents respectively and K 



18 


is the di-fference of their 6 co-ordinates, The alcove 

quazititjr is described as Hence (l,J,K.) maji" be defined 

as a triple subscripted non-drbnensionaJ. co-efficient, which vrlien 
mltiplied l:y the constant, {l~l) depending ripon 

the suhgrado properties a©d the dinonsions of the particulco’ problem., 
gives the deflection of the centre of J-n o3.e2aent due to on uniformly 
distributed total load of ^ on I-v elenent of the subgrade surface. 


Thus bhe equabion (2.1l) can be m’ittsn as 


il-l) ) P 


w 


I-v 


J-n 


where 




-y (i,j,K) = Udi- 


de 


( 2 . 12 ) 


(2.13) 


The integral y(l>J>K) can be. ecqpressed as the line 

,A 

integral \ r d9 where c is the peripherial line of the I-v element 
in the clockwise direction and r is the distance of the points on c 
from the cent'ro of -J-n element. 


Kow if 'bho sides of the I-v elcmiont be represented by 
I, II, III and VI end the corresponding radius vectors by r^, r^^, 
and rj.y as shoi-r^ in Fig, 2,4 .then the integral ^ r dS taliies the form, 


r V 


a 


IT 




r r d0 = jr^ d9 + \ d0 + | . 

c "Bg -^0,^ \ 


( 

de + r d9 


(2.14) 
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the expression for ^ (l,J,K) becomes. 


V (I,J,K) = -ir.-55‘S" <1® + 


^ii ^iii ^ riv 


.(2,15) 


The expressions for the variables r^, r^-j, r^^ are developed in 

terras of 6 as shoajn below, by using Fig.?,. 4: 


r j = OK = QR + BZ 
From A Oi^l, OR = OQ cos 6 


(J-.5) b cos 6 


From A,X0R, RZ = \i01^ - OR^ 


= A 


-((J-.5) S sin 0)^ 
& \/? - (J-.5)^ sin^ e 


So the expression for r^ is 


rp = 5 I (J“*5) cos e + - (j-,5)^ sin^ 0 


(2.16) 


In an exactly similar way 


^III i ® - ^/(I-l)^ - (J-.5)^ sin^ 6 


(2.17) 


Using the properties of triangles the expressions for r^p and rp,^ 
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are 


obtained aj . 


(J-.5) h sin (K +.5)!X 
■II sin r(l^.5)5^‘+ e j 

w 


(2.18) 


(J-.5) h sin 

'IV sin Y (IC-7^X + 6j 


(2.19) 


Tho limits of th'o integrals in cquatiDn (2.15) are 6.-xpr6ssed as. 


6g = tan 


_ I sin (K>- .5)?^ _ 

(j-TsTTe cos {li-SiyC 


( 2 . 20 ) 


6y = tan 


(I. - 1) sin (R-.5)> 

(J-.5) ’-Till) cos (f-Tsy^' 


( 2 , 21 ) 


6^ = tsn ^ 


(l-l) si n (K+.5) >v 

^j-.s) - ityyTotc &r, 57 a ' 


fl - I sin (K+.5) 

®T fj-.S) - I cos Tk+75)T 


,( 2 . 22 ) 


(2.23) 


Sabsti-bnting equations (2.16) tlirough (2.19) in equation 


(2.15) , 
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A 


•i (I,J,I0 = T—jy 1 [(J-.5) oos e + vS^j-.5)" sin® e ] de 

0rji 

+ - 1-,- 1 d,0 


J 


sin ^ (K+.5) Jv + 6 I 


"U 




+ \ [(i--5) cos 0 + '\/(l-l)^-( J.-.5)^ sin^ 9^ 


d0 


-'Tf 




Y 

( L^»-5L_si nJjk’»5jA. Q 
J sin 4 (K-.S) a ■*" 

0^ 


(E.24) 


xflieiTt; Sg, 6yy, 0^y, 6j are expressed by equatioiB (2,20) tlirourjli (2.23). 

To get the firal values of "9 (l,T,K) by integration it is 
found that in -Ihc first and third integreJ-s there are toiniis like 

(J-.5)"' sii/' e de a;'d J ” _ (j-.5)^ sin" 0 d©. These 

f f 2 ~2 

can be very easi3.y reduced to the fora of a i sin 0 d0, which 

is notbdng but standard ©ILlptic integro.! of second kind for wliieh 
no clos''-d form integral is 3 .vailablc, So t!ic first and third integrals 
have been calculated by nunerical integsration using S5jipson*s jlale 
with 50 divisions. 

Tile second and fourth integrals pose no problcra and they 
can be integrated in closed fom, if ter doing ttiis the final form 
of is oldained as 





1 - 
(iZl) 




I [(J-.5) cos e + sii? e ] de 


+ f^“|} sin (K+.5) > 


log„ tan 
e 


i(K+.5)/V -h b] ' 
2 


; ®T 


iQ, 


U 


r% 


+ 





r (J-.5) CoS 6 + ^-1)2 _(j_.e) 

sin^ e ]de 




+ sin (K-,5) ^ 


6 

Je^ 


(2.25) 

Fron sqnation (2.25) it is observed that y(l,J,K) is a nondinensional 
quaiitii^r. 


2.3.4 


Ntme rica l Po rrii o f . th;- ..Generalised EgixatpVon. c>f 
Plates o n Elast ic Found at ions 


Iti soction 2.3.2 it was soon that 'bhe deflection of the 
central point of J-n element of the stibgrs.de, due to a unr.fo:i?ELly 
distributed total load of Pj ^ on I-v elesient of the subgi’ade, is 
given by, 


. (1-T-- ) F. 

Avn = ■>* -yrnr 


(2.26) 


The only difference betxj&cn this equation and equation (2.12) is 
that he 3 ?e has been replaced by to signify that it is the 

deflection due to the reactive load on I-v-th. elemont onljF, 



area cove 


Bfj.t pr< 3 ssu :?6 on the subgrade acts on the whole of the circu3.ar 
covered by tlK. plate of which I-v is on3jr a sr.iall elcnent. Thus 


the actual def-lection of -fchc centre of the J-n element of tlio subgrade 
\ri21 bo given by the suanation of effects of all snch I-v oleraents 
witliin the circular area and thus the expression becomes. 


r V i 

Z. Z AS 




(2.27) 


I V 


Equation (2.27) is the exact ferrio, of the deflection of the 
central point of tliL. J-n element of the saibfp’ade, being loaded by the 
pressure on the whwle of the circular area below the plate. Thus 
this equation gives the deflection patter’?, for the sab.'^-acle. Now 
tills deflection is exactly equal to the deflection of tlie central 
point of the J-n-th element of the plato. 

Till now only the dc'f lectlors of the ccntrs.l points of the 
elements of thi., subgrade he.ve been considered. Kow the. e::?pi'Gssions 
for defloctiuriS of the centi-al points of the elements of ilie plate^ 
are to bo found out from plate equation. 

Hie deflection of the central point of I-v element of the 
plate, being loaded by tho imposed load on top and by the reactive 
prf.ssuu’e from the bottom can be obtained b?’’ solving tlie plate 
equation. 


dV^- w. 


(I-.5) 


(I-.5) 


(2.28) 



OA 


where, ^ load on plcits at thu, I~v cloment 

Pt = !Ibtal reactive load on tlio I-v elrjr-icnt of the plate 
I,v 

Equation (2»28) gives the deflection pattexvi of the plate* 

Hero it is assui'aod that the total applied load, q^ ,can be reoresented 

x,v 

by an uniform pressure distribution on the, cionent and saxio is the 

case t.jith Pt 

±,v 

A 

How using the finite.: difference fotm of ^ w as gi^/en by 
equation (2*4), t]iu equ.aticn (2.28) can. be e^q^ress&d as. 




D f(w) = 


%.v 




(2.29) 


f(w) 


= "1+2, V + - (jusT 




■) , „ + (S + 


(l-.5)^/\'" (I-.S)^ 2(l-.5)^ ■I+l,v 


(I-.5)^'A^' (l-.5)'^''X^ (l-.5)^’ 


8 


(l-, 5 )^-A^ 




+ ( 


1 \ .J. /- 2 


(1^.5) (1^.5) I+l,drM (i^^5)2^2 (I«.5)^ 
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+ (- 


+ — — 


4 




4 . 2 ' ^ 1 , 7+1 


+ (- 


(l-. 5 )'^^'" (l-. 5 )^^^ (I-.S)^';^ 


+ ( 


■r) Vr „ o + ( 


2 , 1 ^ 




+ (- 




:) 


(2.30) 


Nov ty eliTiinatinc; P^ ^ between the equations (2»fi9) and 

IfV 

(2. 27), the finaJ. for;.i of the ,'7en6ra,]j.aocl equation for plates on 
elastic foundation is given by, 


't: s 


, .r\ ^ ^.j n 2 S ^*4^- ■y(l,J,K) f(v) 

d-v'") ^ T ^ b 


I I^(X, 1 ,K) 


I V 


(2.31) 


2.3.5 rhon~ 4_3jnert.n;ienaX_I’ojll pX_t]bi Af ’• ^i31~f-ti9lL 

The gerjenolised equation of plate- as given by equation (2.3l) 

is not non-di-.onsional because it contains "tenas lilce S ,D, wiiich 

s 

are dependent on plate properties and quant^.ties like § f 'which 
depends upon tho plate diiaengion. Now to iialce the equation (2.3l) 



non-dinensiona.?- both -sides of the equation are 'divided by )/^ 

to obtain the following equation. 


+ T 

0 ^ t> 

I V 




2 2 (I,J,K) 


{1-1/ n qj 


V 


-L V 


>7^ E 


Now i-f the follo-^ring quantities are considered 


(2.32) 


W 


w 

T 


D = 


.D.. Uc-Jih 

_L-. (-k-h^ Lk^l 

(1-/^ ) 


12Tx ^ ^ 


(2.33) 


(2.54) 


ll,v 




V 


i • o 


E 7\A 


(l-l)") 


(2.35) 


then it can be sc-on tha.t th'i nu<intiti3s 17 p and q^ ^ are all 
non-dinensional. How let f(w) = f(-'w) -stich that a.11 the terms 

in f(w) are ter-is containing (w-^ )/ht (’^t i )/6 then it 

can be seen that f (w) is also non-dimensional. So the above 
equation (2.32) becomes, 


w. 


+ 2 ° (I-.5) i?(l,J,K) fivr) = 2^ 2p^(I,J,K) qj^^ 


V 


I V 





Equation (2.36) is the nors-diiaensional form of the generalised 
plate equation. 

2.3.6 hon- dlnensional Forra j3f_the__ Mom ent Equa tion s 

In section 2.2.2 it was shown that the raoments and Mg per 
unit length are 'pr/en equations (2.7) and (2.8) respective!?/. By 
multiplying both sides of these equations by (l~i)^)/7\S o^' and 

3 

defining the followina; quantities, 


ho- Mo ^ ^ ^ 

^ ^ AS b 


(2.37) 


p = „ itiii 

the following equations nay be obtained 


(2.38) 


'■f = i ’"i+i,T afr-'.sT'’ ■" ’-'i.v 

Lp» 


.) + ;/ (., . ~-aA , 

(i-.s) -' 


+ W., (l ~ ^/T ' cf) ^ 

(I-.S)*^ 


i~l,v 2(1". £)'^ ”^2»2 ’"^1,7-1^ 


(2.39) 


Mg - -D + A ) + 


n-i,T *h ’ 




2.2 n,v-i 


(2.40) 



The auxitities K o a-id TL ai'e non-diaensional aiicl thus 

j o 

equations ( 2 . 59 ) euid (2.40) are the non-dimensional raoru; jit equations 


2.3,7 BoundaxT Conditi ons 

In the present problem the boundaiy of the plate is assumed 
to be free. For t]iis case "the boundaiy conditions are. 



= 0 

(2.41) 


= 0 

(2.42) 

CD 

= 0 

( 2 . 43 ) 

edges • 

Kircho.Cf fou.nd that the 

third condition is a 

siiperflucjus 


one, :and can be combined ijith the second. Thus the two boundarj 
conditions for t’le present problem can bo eiqiressed 3:s, 

,2 . -s ■ . '>Z 




= _rjl . (.1. 

! A'' + -o - o) 


/ X uw ,• X w W\ \ 

‘f 


0 


( 2 . 44 ) 


ecid^ 


or. 




-f 


V=a= (y-f 

£X£6> 

"d 0 " P- 

fy 2 -o 2 

£LJL + X. ^ w 

1 "d w 



iZrAl 2.Ji .1 

— n 

pr: . 

— U 


a 


7z 


(2.45) 

where aS = I’tadius of the plate. In tlu.s particular problem a = 6. 



The 6qua.'bions (2.44) nnd (2.45) , rrhsn expressed 5.1! f5-nite 
dif.feience foiT'i becanSj 


A 


•n _. + (—• %'“o) , + i-i' + 


a+2,v 


2a \ 

A 


2' "a+i,v_i 


a -2-2^ a+l,v 


A 

**” 2 a 2^ AjV+1 ^ ^a-ljV ~ ^ 


, . 1 \ . ,2-A 3-A, 

+ S> ’'Ws.v ■" ‘~2y2' - ^ a' ''^;H,v-l 


A 

■1 ^ a ^2 2^ ''^a,v 


(2.46) 


+ ( 


, . a 1. _ + L|^4;l) „ 


-o - 


2a 2 2 ^2 a^l,v 


a a 


( 


gAt _ 


-■^ Vr 

2^2 0^3 0^2' 'aH-ljV+l 


. / 2.-A 5- A V 

2 . „ 5» 2' A,v-1 
a /t 2a A ’ 


+ (3 

„ .1, + A + 

2a 2 : 


a 

8. 

+ (- 

?c-A. 

0*0 ” 
a" A- 

3- A' 
2a^A 




a5» 


■) 


”a,v+l + (“1 ■" i' Vl,v = ° 

(2.47) 

The equations (2.4S) and (2.47) can he i-rrittcn in a chart fQ:.n as 
shoTjn in Charts 4 md 5. 


To convert these equations to non-dimension .al foi-mjwhat is 
to be done is siuply to divide the equations by S , so that vr's are 
replaced by 


v-i • 



2«4 Method of Solution of the Problem. 


2.4,1 OalcL ila tion of 

In "the present problem the contact area of the circrilar 
plate has been divided into 144 elensnts bjr 24 radial lines and 6 
conoentric circles as shovm in Fig. 2,1. The extra 48 elements, shown 
by dotted ILnes, iue auxiliary elements \,hich are needed to get the 
finite difference equations for the boundary conditions. Since there 
is no plate at those elements , the ( 1, 1,11) values for them mil 
be zero. 

I-Jhilc- calculating the V (I,J,K) values on digital computer 
the value of K is teJeen as | n-v| + 1 instead of | n-v| as a digital 
computer does not accept a zero or negative subscript in FORITtM I? 
language . So in this case the anglo between two eleraents I-v and J-n 
is (S-l) A and not . 

From s;nnnictry of the problem along any diameter it is obvious 
that it is sufficient to calculate "9 (l,J,K) for K varying from 1 to 13, 
because for each J-n element there mil be two I-v elements \diich are 
symmetrically placed on either side of the diamete.r passing through 
the centre of J-n element. Ihe ,K) values for these tvjo I-v 

elements will be the same. So that we will have (l,J,K) = ^ (l,J,26-K) 
foi’ 1. 

2*d.2 Method of Solution for Deflections 

The present problem deals with a single concentrated load 
at the centre of any of the 144 elements of the plate* As will be 



clesir later, in Chapter 3, this case is the general case of loading 
an.d the solution for any particular logging case can be obtained from 
this solution by proper superimposition. 

Again referring to the symmetiy of the problem on either 
side of the dj.amoter passing through the load point it is obvious 
that the deflection pattera of the plate ijdll also be symmetrical 
about the same diametei^. Thus it is sufficient to solve for the 
deflection pattern of only half of the plate, viz., for sectors 1 to 
15, to descriloe the deflection pattern of the -(iaole pla.te» 

Now it is possible to ’write down 78 numbers of equations 
from the general form of the equation (2,36) , one for each of the 
J-n elcanents in the sectors 1 through 13. Since the I~v elements 
are to be suromed over the ■whole of the pla'te, terms containing 
deflections of each of the elements including the iiaaginaiy elements 
vjill be present in each of these equations. Ihus each equation will 
have 104 -unlcnown deflections, y±z, , the deflections of the. 78 real 
elements end the 26 auxiliary elements. There will be only 104 
•unknowns and not 192 becauise it has already been noted that there is 
a diametral symmetry of the problem. So by using equation (2.36) 78 
simultaneous equations in 104 -unknowns are obtained. The rest 26 
equations are obtained from the two bo-undaiy conditions given by 
equations (2.46) and (2.47), satisfying both of them for each sector. 
Finally these 104 equations in 104 -unino-^-jns are solved on the computer 
to get the deflections. 


Tho simple basis of the method outlined above, presents 
great trouble in getting the co-efficients for each of the 104 
unlcnoi-jn deflections in each of the equations. To get the co-efficients 
of each uaknouri deflection in each eqaation,it has to be kept in laind 

that in the basic equation (2.36), the J-n element is talcen as the 

> 

fixed point sxid the biharmonic part has been written and summed for 
each of the 192 I-v elements of the plate. So to get the co-efficient 
for any generalised I-v element, its co-efficients from the different 
bihcrraonic equations have to be collected. It may be recollected 
that in writing the finite difference ejqpansion for the biharmonic 
euqation about any I-v element, thirteen numbers of I-v elements 
have to be Incorporated. Thus viien collecting co-efficient of a 
particular I-v element in a particular equation all tliirtoen bihar- 
monic expansions about these neighbouring thirteen points will 
contribute towards 'tlie co-efficient. Keeping this in view, for any 
generalised element I-v, its co-efficients in collected form can be 
expressed as. 


0(1, v) = afd-.S) >^(I,J,K) (6 + 


(l-.5)^>^ (l-.5)^:^ 


2a 2 


+ (i_2.5) V (I-2,J,K)(1 -h 


+ (1-1.5) i (I-1,J,K) (-4 7T~Nv 

(1-1.5) 


1 + 1 ) 

(1-1.5) (1-1.5)^ 2(I-1.5)^ 


+ (I+.5) 9(1+1, -1,10 (-4 - - 


(l+.5)^>^ (I+-5) 


(l+.5)^ 2(l+.5)‘ 


■^™^) + (1+1.5) ^ (I+2,J,K) (l - jj— ) 


+ (I-.5) i (l,J,K-2) (' V*T^ ^ ■)> (1, 1,11-1) 

(l-. 5 )-X" 


(I-.5)"A‘ (I-.5)‘^‘X"^ il-.5) 


4 


(I-.5)''^:K" (I-.5)'^>'^ (I-.5)^9v 


2^2 


^ 2 


■) + (I- .5) -9 (l,J,K+2) 


( + (1-1.5) -9 (I-1,J,K-1) ( 

(l-. 5 )"y" 


(I-1.5)^>^ (1-1.5)^'^^ 


+ (1-1.5) 9 (l-l, J,K+1) (— ^ 


(1-1.5) (I-1.5)^'>^ 


) 


+ (I+.5) '^(I+1,J,K-1) 
+ (I+.5) 9 (I+1,J,K+1) 


( § + 

Cl+,5)’>^' (I+.5)S^ 


'(l+.5)^?\^' (l+.5)^?>^- 


(2.48) 


To csJLctilate various C(l,v)’s in various equations, "by 
using equation (2.48) the following points have to be kept in mind, 

(i) The value of n varies from 1 to 13. 

(ii) TIis value of J varies from 1 to 6. 

(iii) The value of I varies from 1 to 8, 

(iv) Tlie value of v varies from 1 to 24. 

(v) 9 (l,J‘,K) for I 6 is zero. 



(vi) If I = 2 then ths terra containing ”9 (l-2,J,K) has 
to bo replaced by, 

(1-1.5) i (I-1,J,K+12) (1 

because in that case ths (l~2,v) element becomes 
( I-IjoH-IE) element. 

(vii) If I = 1 then 

(a) The term containing (1-2,1,10 has to be 
replaced by, 

(I+.S)*? (I+1,J,K+12) (l - 

(b) The term containing "^(l-l,J,K) has to be 
replaced bjr, 

(I, J,K+12) (-4 - —— 4- 

(I-.5) ^ * 

_ 1 _ 1 _ 1 ^ 

(l-.5)^>^ (l-.5)''^ 2(1-. 5)^^ 

(c) Ths term containing (l-l, J,K+l) has to be 
replaced by, 


(I-.5) V (I,J,K+11) ~ + -- -i—-) 

(I-.5)^X (l-.5)’^^\^ 

(d) The term containing ‘9 (l-l,J,R-l) has to be 

replaced by. 


(I-. 5) 7^ (I, J,K+15) (- r)- 


The co-efficients as obtained by using equation (2.48) have 
to be properly grouped together by using the symmetry property of 
the problaa. 1/fliile grouping it has to be kept in mind that from 



syrans try of the pi'oblom for 1 1 and I 13 


w (l,v) = w {l,26-v) (2.49) 

iifter doing the grouping of the co-efficients by using equation 
(2.49), the co-efficient of the first tenn w-j- in equation (2.38) 
has to be added to the co-efficient of the proper w (l^v) in the 
equation. 

Thus 104 sixmltaneous eqiiations in 104 unkno-wn deflections 
are obtained. Eiese equations are solved by inverting the co-efficieni 
matrix (this is possible because the matrix is non-sinf^ular) , using 
Gauss- Jordan method, to get the deflections of the 104 e-lements. 

This is done by varying the load position six tinBs, each tine the 
load being at a different radial position, 

Everytime for the sector in which the load is acting, it 
is assumed, n = 1 and v = 1, i.e., this is talcen as the reference. 

The whole method is repeate-d for five different values of 
D and five different valm-^s of ^ . Everytimo q^ ^ is talcen as \mity. 

Tijiall3" tlie results are giv<2n in the form of polynomial 
equations involving the different independent variables for each 
sector. The co-efficionts have been tabulated. %■ using'the method 
as described in section 3.4 the deflection pattern for all oases 


can be determined. 
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GHJffTER III 


RESULTS MD DISC USSION 


3 • 1 Goneral,.!^ sc ussion 

In tho .(generalised nondiciensional equation (2.36) terms 
contoining properties of subgrado are D and ^ and thei’oforG vsiiious 
kinds of sottlemont characteristics can be accoiomodated. 

For solving the present problem the contact area of the 
subgrade and the plate has been divided into a number of olomonts by 
radial lines and concentric circles. The pressure intensity within 
one particular clement has bedn assumed to rem'ain constant. So it is 
obvious that the aecijracy of tho method T-jill depend upon the fineness 
of the grid arrangement. The points at X'hich the finite difference 
equations hax?o been written are taken as the central points of the 
elements and not the intersection of the two sets of grid linos, as 
is conventionally done. The reason being that if there is a concen- 
trated load at such a grid point it can bo assxined with reasonable 
accuracy that the load is uniformly distributed over the xdiole 
element. But if the grid points were taken as the intersection, this 
could not have teen done. 
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It was seen that the deflection co-<^fficients "9 

involve elliptic integrals. In the present analysis these integrals 

have been evaluated by numerical integration using Simpson^ s Hule. 

Another method of approximately evaluating these integrals, as used 

0 

bji" Ghosh and Ohatterjee , is to assume tha,t the approximate values 
of the integrals are m’n' and as shorn in Jig. 3.1, The 

values of y (l,J,K) calculated by both the methocteare cjuite near 
except for the elements in the central zone. The reason probably is 
that the as sumptions of the latter method are not acceptable there. 

The deflection as obtained by using the present method of calculating 
■ 5 -' (l,J_.rO by numerical integration are in better agreement 
xd.th the experimental results. 

The present method is perfectly general in the sense that 
once the results for the present piroblem of a single concentrated 
load at various radial positions are kno-wn the solution for any 
particular loading condition can be very easily obtained by proper , 
superposition. To demonstrate how this can be done a few exaaples 
for various types of loadings have been solved in the section 3.3. 

As the present analysis is non-dimensional it can be used 
for any plate dimension and any plate or subgrade material. 

Though there may be some inaccuracy in the deflection pattern 
for a single concentrated load (specially when the load is near the 
central zone) , the results are found to be sufficiently consistent 
and accurate when there is a number of concentrated loads or Tiiien 
the load is distributed over a considerable portion of the plate. 
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3.2 Results 


In the present -work tiie non-diiaensional deflection w, 
moments Hj? and liave been calculated for 25 different ccarabina- 
tions of D and ^,/ii(five different values of D and five different 
values of . This covers quite a mde rsnge of sltua.tions that 
nay arise in practice . 


A sample set of results for D = ,01 axid JU,~ *2 are given 
in Tables 1 through S. The deflection contours for this case are 
shown in Tig. 3.2 through Tig. 3.7. 


But the main object of the present work is to provide 
the designers \.dth some simple and ready-made method of solution 
for circular plates on elastic foundation. This is done by 
presenting fch'j fine.! results in the form of polynoaial equation 
in terms of the independent variables lilce, D , the co-ordinates 
of a particular point and also the load position. One pol^momial 
equation is given for each of the thirt.een sectors. The method used 
to determine the polynomials is given in Appendix B, Bie co-effi- 
cients of the polynomial equations are given in Tables 14 1 through M 
The method of determining the deflections for various cases of 
loadings, by using these co-efficients, has been discussed in 
section 3.4, 

3,3 Examples 


Example 1; In this case the deflections for t\-io equally 
spaced concentrs.ted loads have been determined. The loads are in 
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sectors 1 and 13* From s^.’iiEietry it is seen that it is sruffioiont 
to calculate the dsriections only for the elements in sectors 1 
through 7. To determine the deflection of any particular element we 
hare to add alffibricalDy the deflections of that element due to 
the tv/o loads. The results are shovKi in Table 4. 

Ebcample II : In tliis example the deflections for three 
equalls^ spaced loads have been obtained. The loads are assumed 
to be at sectors 9 and 17. Prom syrametrjr of the problem it is 
seen that it is sufficient to calculate the deflections of the 
elements in sectox-s 1 through 5. Here to get the deflection, the 
deflections due to the three loads are to be added al^brically* 

The results are sliomi in Table 5. 

Example III : In this example the deflections due to four 
eqxially spaced loads have been calculated* Ihe loads a.re assumed 
to be in sectors 1,7,13 and 19. Prom symmetry, it is sufficients 
to calculate deflections of the elements in sectors 1 through 4« 

Here the deflections due to the four different loads are to be 
added. The resiU-ts are shoxmi in Table 6. 

Example 17 ; In this example the deflections due to 
six equally spaced loads have been calculated. The loads are 
at sectors 1,5,9,13,17 and 21. Here it is sufficient to calculate 
the deflections for elements in sectors 1 through 5. in this case 
the deflections due to the six loads are to be added. The results 
are shoun in Table 7 . The deflection contours T,dien the loads are 
on the fifth pitch circle are shown in Pig* 3.8. 
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Example V : In this example the deflections due to 
eight equally spaced concentrated loads hare been calculated. The 
loads are at sectors 1,4,7,10,13,16,19 and 22. Here it is suffi- 
cient to calculate the deflections of the 12 elements in the first 
two sectors. In this case the deflections due to the sight 
different loads are to be added. Results are shown in Ibble 8. 

Examplo VI ; In this example the deflections due to 
twelve equally spaced concentrated loads have- been calculated. 

The loads are assumed to be at sectors 1,3,5,7,9,11,13,15*17,19,21 
and 23. Here also it is sufficient to calculate the deflections 
of the 12 elements in the first two sectors. In this case the 
deflections due to the twelve loads are to be added. The results 
are shown in Table 9, 

Example VTI : In this example tiic deflections due to a 
ring load have been calculated. In this case from the symmetry of 
the problem it is seen that the deflection is independent of '6 and 
hence it is sirfficiont to ealcul.cte the deflections for the six 
elements in sector 1. Here the deflections due to the loads in the 
24 elements of thie ring are to be added algebrically, 3he results 
are shox-m in Ihble 10. 

Example VIII : In this example the deflections due to a 
diametral line load have been calculated. ‘Ihe load line is assuJiBd 
to be the centre line of sector 1 and sector 13. Here from ^cmaetry 
of the problem it is seen that it is sufficient to calciflate the 
deflections of the elements in sectors 1 through 15. Here the 
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deflections due tho loads on the 12 elements of the load line has 
to be added. The resuilts are shown, in Ta.ble The deflection 

contour has been shorn in Fig. 3.10. 

Example 12 r In this example deflections for a radial 
line lo.:d. have been calculated. The loud line is assumed to be 
tbs central line of sector 1. Here from S 3 ?iiimetr 5 ^ it is necessary 
to calculate the deflections of the elements in sectors 1 through 
13. In this case the deflections due to the six load on six 
elements of the lo.ad line are to be added. The results are shown 
in Table 11. Hie deflection contour has been shown in Fi'.g, 3*9. 

Example 2 : In this example deflections for s. uniformly 
distributed load over the vrhole plate ha.s been caldolated. Here it 
has to be note d th at the loads or. the various elements are not 
equal because i n thi s case the l oa d is direc tly oroportipnal to 
tho area of the p ar ticular element . It lias been assumed that the 
load on the elements (l,v) are unity. The loads at the other 
elements have been calculated accordingly* From symmetry of the 
problem it is seen that e.s in Example VII here also the deflections 
will he independe’it of 6 and hence it is sufficient to calculate 
the deflections only for the six elements in the first sector. 

In this case the deflsctions due to the loads on each of the 144 
elements of the plate are to be added. The results are sho’wn in 
Table 13, The corresponding pressure is found to ). 
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3 *4 D iscussio n o n Bfcgiilts 

The results obtained by the present method have been 
cccipared -with some experimental results for the case of sire 

5 

concentrated loads, given Itj Chatter jee and Ghosh . The aggrement 
of the results are quite good. The maximum valuation is about 
20% vsi’y near the centre of the plate wheire the deflection is not 
vnry important. The variation in the msxhnum deflection is only 
about 1«5^. The deflection obtained by the present theoretical 
method is on the safer side. bJhat is more important is that the 
nature of variation of the deflection as obtained by this method 
is almost the same as in experimental case, Eiis has been shown 
xn Tig. 3 all. 

Ih*om the results obtained it is seen that the deflections 
are the maximum under the load points in the case of single 
concentrated lead. This is quite reasonable. One more point to 
be noted is that 'bhough the deflection pattern as a xdio3.e 
depends to some extent on the value of Poisson’s Ratio y{x,, of the 
plate, the maxim’ura deflection is almost independent ofy^- • Eie 
variation being of only about 5% x-jhen is changed from ♦! to .4. 

Prom the results obtained it has been found that though at 
certain points far away from the load point deflections msy increas 
with the increase in D, due to some change in the deflection 
pattern, the maximum deflection decreases substantially xjith 
the increase in D. Tbis is what one expects. 
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From the deflection contours it is seen that axiay from the 
load point the contours become almost circles, with the conti'e at the 
load point, which is reasonable. Wear the load point the occentricity 
of the load plays an. important role and thus the contours are no 
longer circular in na.T.ure. 

From the results it has been found that as the load point 
is moved awaj' from the centre of the plate the maximum deflection 
under t-he load at first decreases and then increases. I t. ho .s b een 
found th at t his d efle ction reaches a minimum xAien the load is at the 
fifth radial -pos ition f p r sma l l va l ues of . and at fourth radia l 
position vihen D is l onger . Same ara the positions in the case of 
Mp and 

To use the coefficients of the poljnaonial functions one 

has to keep in relnd that the co->effici6nto ;:U'e numbered 1 to 750. To 

get the deflections for a particular case, first D has to be 

calculated. Then for the proper U, and load position the deflections 

/ 

for the various elements in each of the sectors can be calculated 
by using the Gomput--r Program No. 2 in .appendix C. 

For all the results q, is assumed to be unity. To get the 
deflections and moments for a particular load the quan.tities 
calculated will have to be multiplied by the proper q-^ , calculated 

from equation (2.35) for the particular load. 'This is possible 
because q^ ^ appeexes on the right hand side of the generalised 
equation (2.36) for each and evesiy I and v. 
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TABLE 1 “ NONDIMENSIONAL DEELFCTIONS ■ • — — .tr"' 

. II ‘r. m 

I ;♦ 


D = oOl AND 


Ao for load at radial position N0=1 


jteaJ. * ■» ‘ 


5V\ 


radial positions 


Xt^F 

1 


? 


/*s 

. 3 

4 

5 

6 

1 

0 o 1 in4E 

Ol 

Oo 3930E 

00 

0o16T5E 00 

O 0 IOO 6 E 00 

0o7230E-0l 

Oo 5642E-nl 

2 

Oo 1041E 

01 

Oo 3766E 

00 

0o1632E 00 

0»99oAE-01 

0o7152e-01 

Oo 5593E-01 

3 

0o8893E 

00 

Oo3339E 

00 

0c1517E 00 

0o9479E-01 

0o6934E-01 

0o5453E-01 

4 

0o69nAE 

00 

0o2763E 

00 

0<,1357E 00 

0a8868E-0l 

0o6612E-01 

0.5244E-01 

5 

0o4864E 

00 

Go2160E 

00 

0o1164E oo 

0e8l76E-0l 

0o6239E-01 

Oo 500lE“0l 

6 

0o3129E 

00 

Oo 1634E 

00 

0o1027E oo 

0o7510E-01 

0o5868E-01 

0o^756E-01 

7 

Oo 1939E 

00 

Oo 1253E 

00 

0=9054e-01 

0o6950E“01 

Oc 5545E-01 

0o4546E-01 

8 

Oo 1386E 

00 

Oo lO'+^E 

00 

0,8275e-01 

Qo6538e-o1 

Oo 5291e--o1 

Oo^SSoE-Ol 

9 

Ool^lSE 

00 

Oo lOOl'E 

00 

0.7925e-01 

0o8279e-01 

Oo5114e-o1 

0o4263e~01 

10 

Oo 1856E 

no 

Oo 1084E 

0 '0 

0o7905e-01 

0o6152E“01 

0o5006E-01 

0o‘^191E“01 

11 

Oo 2450E 

00 

Oo1212e 

0^"' 

0o8n55E-01 

0.6112E-01 

0o'^950E-01 

0o4152e-01 

12 

0o2941e 

00 

0o1323e 

00 

0o8232E‘-01 

0o8112e“01 

0o^927e‘-01 

0o^135e-01 

13 

0o3131E 

00 

0o1367E 

00 

Oo83i7E-nl 

0 0 8 1 17e — n 1 

0o4921E-01 

0o‘^131E~01 


ECjOP 


Bo FOR LOAD AT RADIAL POSITION NO=2 


radial POSITIONS 
. 3 A 


1 

0o2970E 

00 

Qo 8090E 

00 

0o3054E 00 

2 

0o290lE 

00 

0o6064E 

00 

0o2593E 00 

3 

0 0 2 7 1 0 E 

00 

Oo3957E 

00 

0ol937E 00 

4 

0o2437E 

00 

Oo 2588E 

00 

0ol415E 00 

5 

0o2134E 

00 

Oo1823e 

CO 

0»1193E 00 

6 

Oo 1849E 

00 

Oo 1^12E 

00 

OolOOSE 00 

7 

Oo 1623E 

00 

Oo 1184E 

00 

0o871-8E-01 

8 

Oo 1‘^74E 

00 

Oo 1052 e 

00 

0o7932e-01 

9 

Oo1Ao2E 

00 

Oo 9746E-01 

0o7354E-01 

10 

Oo 1392E 

00 

0 0 9329E- 

Ol 

0o6976E-0 1 

11 

0o1^17E 

00 

Oo9134e- 

Ol 

Oo6745e-o1 

12 

0o1446E 

00 

0o9062E‘- 

01 

0o6623E-01 

13 

0o1A59E 

00 

0o90^6E- 

01 

0o6585E-01 


.1AA3E 

>13A5E 

,1162E 

>99nAE- 

,847nE- 

,75o8E' 

,678Ae- 

.6237E- 

,5834E' 

,5551E“ 

,5366e- 

.5262E- 

,5229E‘ 


00 0c9086E- 
00 Oo 8791E‘ 
00 0o8l0lE‘ 
*0l- 0 o 7274E“ 
•Ol 0 oA484e- 
-0l 0 oP922e- 
‘0l Oo547oE‘' 
■ol 0.5 o99e- 
-qI 0<.'^812e- 
•0l Oo46o 1E- 
•0l 0<,446nE- 
-Ol 0 o 4379E- 
■0l 0 o4353E- 


‘0 1 0 o 

■ol Oo 

‘Ol Oo 

■ol Oa 
■ol Oo 

■Ol 06 

•ol Oo 

■ol Oo 
■ol Oo 
ol Oo 
ol Oo 

■ol Oo 

ol Oo 


6652E-01' 

6526E-01 

6188E-01 

5732E-01 

5229E-ni: 

^754E-o1; 

4491e-01 

4261E-01 

^065E-nl 

3913E-01' 

38o6e-o1: 

3744E-o1: 

3723E-01 
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Co FOR LOAD AT RADIAL POSITION NO=3 


:tOR 


1 


RADIAL POSITIONS 

2 3 A 5 


6 


1 0o1340E 00 

2 0<,1328E 00 

3 0.1292E 00 

A 0ol237E 00 

5 O 0 II 7 IE 00 

6 OoIIqSE 00 

7 OolOAOE 00 

8 0o988AE-01 

9 Oo95o2E-01 

.0 0o9250E-01 

.1 Oe91oAE-“Ol 

■2 0o9^33E“01 

-3 0c9012e-01 


0o 29A3E 00 0o7968E 00 
0o^373E 00 


0c25A1e 0 0 
O 0I97AE 00 
0ol52AE 00 
O0I220E 00 
0o1023e 00 
Oo 8939E-01 
0o-8069E— 0 1 

Oo 7A7AE'“01 

0o7072E“01 
O 068 I 6 E-OI 
Oo 6673 e-=^ 01 
Oo 6628 e-01 


0o 2283E 00 
OclAlSE 00 
O 0 IOA 6 E 00 

0o8539E-01 

0o7362E-0l 

0o6576E-0l 

0a6037E-Ol 

0o5670E-01 

0o5A32e-01 

0o5299e-01 

0o5256e-01 


Oo3o72e oo 
0o2229e oo 
0olA57E 00 
0o1056E 00 
0o8337E--01 
0o697AE-01 
0o6068E“01 
0o5AAAE-01 
0o5009e--01 
0o^710E**01 
0o^515e-01 
Oo'^^O'^E'-Ol 
0o9-368e~0'1 


0o1433E oo 
0o1253e oo 
0o‘3911E“01 
0o7781E-01 
Oo 660AE-0I 
0o573AE~01 
0o5079E**01 
O0A60IE-0I 
0o4258e-01 
0o4018E“01 
0o3861E“02 
0o37T1e-01 
Oo37A2e-o1 


0o8851E~01 
0o8367E“01 
0»73A1E~01 
0o6250E-'01 
0o5303E‘-01 
0 o ‘^760E“0l 
0oA309E-01 
0o3950E-01 
0o3682e-01 
0o3A92E“01 
0o336Ae-01 
0o3291e-01 
0,3267e*-01 


Do for load at radial POSITION NO=A 


:tOR 


RADIAL POSITIONS 

+ — 

1 2,3 A 


5 


1 O 0868 OE- 0 I 

2 0o863AE“01 

3 O 08 A 96 E-OI 

4 0o8282E-01 

5 0,8o15E-01 

6 0o772AE-01 

7 0o7A39E-01 

8 0o7182E-01 

9 0„6969e~01 

0 0o68n6E^0l 

1 0o6693e-01 

2 0o8S28e*“02 

2 Oo66o7e*-o1 


Oo 1382E 00 
Oo13o1e O 
O 0 IIA 8 E 00 
0o99A5E-01 
Oo 8653E-01 
0o76AAe-01 
O 0688 IE-OI 

0o6313e-01 
Oo 5 898 e-01 

Oo SSoA-e-oI 

Oo5Ao8e--o1 
Oo 5296 e*- 01 
Oo 326 oe*-0 1 


0o2993E 00 

0o22 lE 00 

0o1A85e 00 
0o1072E 00 
Oo8Ao 9E-01 
0 o 7 004 e— 0 i 
0 o6085E-01 
0o5A55E-01 
0o50i7E-0l 
0o4716e-01 
0o4519e-01 
0o4A07e-01 
OoAOVIe-oI 


Oe76o2E 00 
0c3255e 00 
0ol55AE 00 
0o9907E“01 
0o7A86E-0i 
0o6142e-01 
0o5289E^01 
0o4715e-01 
0o4320E“*01 
Oo4o5oE“01 
0o3875e-01 
0o3775e-01 
0„3743e«o1 


Oo3o23E oo 
0«1915e 00 
0oll43E 00 
0 o 8 1 47 E*-o1 
0o6397e-01 
0o5310E“01 
0o4595E“01 

O o 4 1 0 8 E^O 1 

Oo 3771 e-01 
Oo3539e-o1 
Oo3388e-o1 
Oo33o2e-o1 
0.3275e-o1 


6 


0.13T3E 00 

OoHase no 
OoSSoSE-Ol 
0 o 6438E-01 
Oo 3367 e- 01 
0 o 457 6 E“*0l 
Oe4oo9E“Ol 
Oo 36 o 9E— 0l 
0o3327e-01 
Oo3131e-o1 
0«3oo2e-o1 
Oo2929e-o1 
Oo29o6e-o1 



O rH r\j CO 


5S 


Eo FOR LOAD AT RADIAL POSITION NO=5 


;tOR 


radial positions 

3 ^ 


A 


1 

Oo 6 52 5 E-0 2 

Oo 8S09E-01 

0ol396E 00 

0o29&4E 00 

o 

o 

m 

o 

o 

2 

C o649SE— 02 

Oo 8571 E— 0 1 

0cl235E 00 

0o2905E 00 

0o255lE QO 

3 

0o64l7E 01 

Oo 7999E-01 

0o200lE 00 

0oll79E 00 

0oll78E 00 

4 

0o6293E-nl 

Oo 73C1E-01 

0o3098E-02 

0o8275E-01 

0o7682E-02 

5 

0o6i37E-0i 

Oo 85 17 e-0 2 

Oj,673qe-o2 

C o8A23e-01 

no:^84oE-Ol 

6 

Oo 5955 E-0 1 

Oo fc020E-02 

rjo577lE-02 

0o5317e^01 

0o^789e-02 

7 

0o5794E-02 

Oo 5529E-02 

0o5094E-o2 

0 - 4599e-01 

0 o A 1 2 0 2 

8 

0,^5636e-01 

Oo 5i42E-02 

Oo^oilE-ol 

0 o^2ilE“n2 

Oo 36 71 f— o2 

9 

Oo35o2e-02 

0o4S48e-‘^2 

0 ,42&6f— nl 

0 c 5773 e— nl 

Oo 3362E-n2 

0 

0o5396E-0i 

Co 4633E-02 

0n4025E“02 

0 ^SSAIf-^OI 

Oo 3152f-o2 

1 

0o532 2E-r'2 

0, 4486E-02 

Oo 3866E-02 

0o3390E-02 

0o3025f-02 

2 

0o5277E-G2 

Oo 9A04E-02 

0„3775e-02 

0 o3304E~Q2 

0o2937e-02 

3 

0o5262E-02 

Oo A376E-02 

0 0 3 736E-02 

0o3276e-02 

0o2912E-02 


0o 2878E 00 
0ol625E 00 
0 0 8 8 oAE*^OT 
0 o 654AE-01 
Oo 515oE-nl 
0<,4263E“01 
0<,3682e-01 
0,3289e- 01 
Oo 3016 e-01 
0o2830E-01 
Oc27o8e-01’ 
0<,2539e-o1 
0o2617E“01 


ro FOR LOAD AT RADIAL POSITION NO=6 


TOR 


1 

2 

4 

5 

6 
7 
d 
9 


1 


Oo52loE-ol 
0 o 5192E-01 
0.5139E-01 
Oo5o57E-nl 
0oA955E-01 
0 o 4 o42 E— 0 2 
0o4723e-01 
Co9623e-01 
0cF-531e-01 
0o'^^38E-01 
0 o 44r.5 E-0 1 
0 oA374E-01 
0o4363E-01 


2 


Oo65o5E-Cl 
0o6397E-0l 
Oo 6ic7E-0l 
0o57i7E-0l 
Oo 5 3 o 3E“01 
Oo A9i7E--0l 
0, 45 33 E-0 1 
Oo43o9e-01 
0oF-0 93e- 01 
Oo 3933 e-o 1 
Oo 3 S 24 E-0 1 
0 o3760E-01 
0o3739E-01 


radial POSITIONS 


4 


0o8694h-0l 
0o8262E-0l 
0o7317E-0l 
0 o 6323 e-01 
0 o 54doE— C 1 
0o^823e- 01 
0=>32dE-0l 
0^395 9 E-Ol 
0 o36£9e- 01 
0o3497E-nl 
0 o3368E“01 
0o3295E-01 
0o3271E-01 


0 o 1 3 5 0 c n 0 
OollSoE 00 
0oB626E-01 
0 o 6 9 0 E'^ 2 
0 o 3426E-0 2 
0o^587e-02 
0 o^023e^02 
0o3612e-02 
Oo333oe-o2 
■0o3134e— ol 
Oo3o03E“Ol 
0.2931E-02 
0o2908E-02 


5 


0o2827E 00 
0ol625E 00 
0o9538E-01 
Oc6654e-o 1 
Oo 5159 e-o1 
Oo4265e-o1 

Oo 3684 e-p1 

0o3290E“01 

no3ol7E-o2 

0c,283lE-nl 

Oo27o9e-o1 

Oo 264oE-o1 
0o2617E-02 


6 


0o72h4E 00 
0o21()5E 00 
0o9373E-01 
0o6226e- 01 
0o^259E-0i 

Go 39 o8e-o1 

0,3363E-ai 

0o2997e-01 

Oo2745e-o1 

Oo2573e-o1 

Oo2461E-o1 

0o2398E-01 

0o2377E~01 
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TABLE 2 , NONDIMENSIONAL MOMENTS Mp 

b = oOl AND ya = o2 ^ 


Ac for load at .radial position N0=1 


tOr 


radial positions 

3 4 


0o1870E 00- 
'O 06 O 0 IE- 0 I 
-Oo ISRSE'-Ol- 
-0 c563OE“02- 
-0c^152E-02- 
-0c81S6E-02- 
-O 0 II 86 E 00 
0o2141E OO- 
•0o5399E-01 
•0c1827e-01- 
•0c5269e~02- 
■0c'^170E~02- 

■0o1214e-01- 


32o3e- 
3190E* 
4914E- 
1835e- 
4495e- 
150lE- 
2499E- 
18 o5e- 
2368e- 
Oo 2882 e- 
Oo 1167 e- 
Oo 3 o68e- 
Oo 5856E“ 


•O-L O 

■oi-o 
‘02 0 
■02 0 
•03-0 
•03-0 
•04-0 
•01 0 
• 01-0 
•02 0 
•02 0 
•0 3-0 
■03-o 


„1623e-03 

„l039E-Oi 

c9487E-02- 

o4169E-0^ 

o1305e-03- 

o5261e-04- 

o3100E-04- 

,-.3070E-0'^- 

o7674e-02 

^5 21 ^e- 02 - 

,1081e-03 

„4161e-0'^- 

, 251-3 E-03- 


.4479E- 
,2196e- 
.4837E- 
,1956e- 
. 1822 e- 
,5231e- 
,4779e- 
,3223e- 
> 1 1 14E“ 

,3o3oe* 

,1158e- 

,8378e- 

,2944e. 


- 0‘^“0 
O^-O 
■02 0 
■ 02-0 
■03 0 
- 0^-0 
-04-0 
-O'^-O 
-04-0 
• 02-0 
■ 02-0 
'03 0 
-03-0 


c3843e 

»4o44e 

c3275e 

c1791e 

o1476e 

„14o4e- 

c3403e 

c1176e 

o5097e 

o 3849 e 

o1322e 

c2671e 

.1872e 


■04-0c 

■04-0c 

-03-0o 

■O 2 -O 0 

■02-0o 

■02 Oo 

■03-0o 
■03-0o 
-04-0 o 
•05-Oo 

■02 Oo 
'02-0o 

'02 Oo 


3741e-03 

1342e-o3 

5439E-04 

7145e-05 

1344£_02 

3891E-02 

1624E-02 

4154e-03 

1341E-03 

5477e-04 

83ooE-o4 

1824e-o2 

4978e-o2 


Bo FOR LOAD AT RADIAL POSITION NO=2 


tOR 


RADIAL POSITIONS 
3 4 


-0o1146e 00- 
0o13Q8E 00- 
-0o3969E-01 
-0c.1408e-01- 
-0o7825e-02- 

-Oo 2226E‘‘“02- 

-0c3146E-01 
-Oo35o3e-o2- 
0o8591E“01 
-Oo25o2e-o1 
-Oo I 066 E- 0 I- 
'Oo 8697 e-o2- 
■0o7231e-02- 


•Oo 837 oe~02 

■Oo 1264 e-^ 2- 
0o7024e- 02 
■Oo 1032 e-02 
■0, 3453E“03- 
■Oo 1124E-03- 
Oo 1158E-03* 
■Oo521oe-o2 
Oo 1183E-02- 
0o2410E-02 
■Oo58o5e-o3- 
0o2121e-03- 
O66373e“03- 


0,24p8E-o3 

■0o3112e-02 

0o1035E-02- 

0o2475e-03 

■0o9338e-04- 

0 o 6647 E-03- 

0o3691E-04- 

045421e-04- 

0#743e-02 

0‘1726e-02- 

Oo1486e-o3 

0o1062e-03- 

0o2590E-03- 


Oo417oe- 

Oo123oE' 

•0o2114e- 

0o1526e- 

•0o2648e- 

■0o9261e- 

■0o4592e- 

•Oo 22 o 1 e- 

0c1467e- 

-0«1795e- 

O 0 I 60 OE- 

0o3429e- 

0c2258e- 


•n4-o, 1194 e- 
■0 -0o1679e- 
■02 Oo273oE- 
•02-0 o1462E‘ 
•03 0o1529e- 
•04-0o3857e- 
■04-0o 1388E- 
■04-0o6471e- 
■0 -Oo2921E' 

02 Oo1o56e- 

02- 0oi325E- 

03 Oo185oE- 

03- o,52o2E“ 


■04-o,1123e-o3 
■04-Oo8935e-04 
•04-0o 3645 e- 04 
■02-0o 1'77 oE-o3 
•02-0o1221e-o2 
•03 0o1713e-02 
■03-Oo4o63£-o3 
■04-0o1546e-03 
•04-0o7429E-04 
■04-0o4195e-04 
’02-0o10o3E-0^- 
02-0o1227e-02 
■03 Oo1877e-o2 
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Co .FOR LOAD AT RADIAL POSITION NO=3 


^ RADIAL POSITIONS 

yOR 

12345 

I Oc 36 A 3 e -03 0 o 2611 e- 04 - 0 o 2716 e- 04 - 

f “ 0 o 3661 E- 01 - 0 o^ 611 e^ 03 - 0 o 1219 E -02 0 o 3 o 2 oE“ 0^-0 . 2946 e- 0 '^- 
3 0 olp 6 E 00 - 0 c^ 25 Ae -02 0 o 36 1 7 e -0 3 -o „ 9679 e-o 3 Oo 9135 e-o 5 . 
+ - 0 o 3 dllE- 0 l 0 o 1869 e- 02 -o, 7292 e ~03 0 o 7476 e- 03-0 0 l 21 p-n 3 - 

. ‘^ 0 o 1365 e- 01 - 0 o 6218 e- 05 - 0 . 2185 e- 03 -L” 2029 e -03 0 allOF-X 

3 0 o 2239 E- 02 - 0 o 2149 e -02 0 o 70 37 e- 04 -o . l 978 E- 0 '=f -0 54 n 8 F-n 4 - 

- 0 o 4774 E -02 0 o 2837 e- 03 - 0 o 1226 E -02 Oo 3577 E“ 0 ^-o' 3378 F-n 4 - 
^'^° 0 E ~02 0 o 7408 E- 03 - 0 o 9 l 2 lE- 03 - 0 ° 4319 E-n 5 - 

! A lA 0 » J^ 26 t‘- 04 - 0 ol 5 l 0 E- 03 - 0 el 748 E ‘-03 0 8868 F-n 3 - 


Do FOR LOAD AT RADIAL POSITION N0=4 


OR radial POSITIONS 


-Oo II 66 E- 0 I 
-Oo 1259 e-o 1 
- 0 c 3299 e ~01 
0o1189e 00 
-0o31ilE-0l 
“ 0 o 4123 e -02 
- 0 o 2361 E -01 
0 o 3300 E- 02 - 
- 0 o 6207 E -02 
-- 0 o 4671 E- 02 - 
0 o 3076 e- 01 - 
-Oo 51 o 4 e- 02 - 
- 0 o 1736 e- 01 - 


-Oo 1866 e-o 2 
Oo 1319 e-o 3 

Oo 1^0^E“*02 

-Oo^ 7 o 1 E “02 
Oo 1220 E- 04 ' 
0 , 4755 e- 04 - 
Oo 9647 E-- 03 - 
-Oo 1281 E -02 
0 o 2090 E- 03 - 
- 0 o 7740 E -03 
- 0 . 15 o 3 e- 02 - 
- 0 o'^ 311 e- 03 - 
-Oo 5519 e- 03 - 


0 o 5379 e -03 

- 0 „ 6614 e-o 3 

Oo 2435 e-o 3 

■Oc^ 274 e-o 3 

■0o4943e-03 

•0o2251e-03- 

• 0 o 8994 e- 04 ' 

0o1257e-03- 

0 o 5869 E -03 

0 o 4040 E- 03 - 

0 „ 2211 e-o 3 

Oo 1965 e-o3- 
0 o 2015 e- 03 - 


“0 o 1341 f- 
O 06 I 8 IE- 

-0o^975e- 

0o^284£- 

-Oo 1517 e- 
-Oo 1169 e- 
“0o8209e- 
-0o4918e- 
Oo5o9oE- 
“0 o 5 169 e- 
Oo 3 o 81 e- 
-OoHSlE- 
-0 o 1229 e- 


■ 0 ^- 0 o^ 079 e- 0 ^-G 
-Oj^“Oo'^ 139 E-o'^-C 
■o 3 -Oo 1 o'^ 3 f-o 4 -o 
• 0 ^“ 0 o ^ 9 o 1 e-o 3 -o 
■03 Oo 5134 e-o 3 -o 
• 03 - 0 o 1023 e -03 0 
■04-0„6922e-04-0 
' 04 - 0 o 4936 e- 04-0 
03 “ 0 o 3531 E~ 0'^~0 
03 -Oo 1347 e-o 4 -o 
03 -Oo^ 954 e-o 3 -o 
03 0 , 5497 e-o 3 -o 
03 - 04247 e -03 0 


6 


■ 0 , 6141 E- 0 ^ 
'OoSlaSE-O*^ 
' 0 » 34 ol E“ 0 ^ 

■ 0 o 9830 E ~05 

0 o 7376 e -03 

0 o 8810 E -03 

0 . 1558 E -03 

0o8475e-0'^ 

0 , 5275 e- 0 '^ 

Oo 3556 E- 0 ^ 

0 o 1394 e- 0 ^ 

0 o 7295 e -03 

0 o 9456 e 003 


6 


i„ 4611 e- 0 ^ 

,^ 4354 £_o 4 

'o 319 oE- 0 ^ 

ol 46 oE- 0 ^ 

„ 4792 E-o 3 

o 5492 e -03 

„ 87 . 51 e -04 

o 5826 E- 0 ^ 

o 42 o 2 E- 0 ^ 

o 3112 E 00 ^ 

.ISISE-O*^ 

, 4818 e -03 

. 5936 e -03 
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Eo for load at radial position N0=5 


RADIAL POSITIONS 


tor 


1 -0<,5 8A3E-02-0o9975E“03 q o 565 3 E-03-0 o 7569e-0^-0 , 4482e-0^-0 o 3769E-0^ 

2 -0o4395E-02 0, 2380E-04-0 o 256Ae-03 0 o 1^84e-04-0o 4543e-0^-0 o 375 1 E-0^ 

3 -0o1198E-01-0=4134E“03 0 = 1 206e-03-0 o 2667e-03-0 « 2 25oE-04-0 o 295 7e~04 

4 -0o2640E~01-0o1440E-02-0,2 230E-03 0 » 2752E‘-03“0 o 3 198E-'03-0 o 173 8 E004 

5 OollOOE 00-0 o4767e-02-0c3412e-03-0o1098e-03 0 o 35o3e-o3“0 o 3373 E-03 

6 -Oo 1323E“01-0 o6306e‘“03-0o 3632e- 03-0 6 l024E‘-03-0e7344E-04 o«3845e-03 

7 -0o3971E‘*01 0o1280E“02-0o 15 05e-03-‘0 <,8668e-o3--Oo 5654e-04-0o 59o5e~04 

8 Oo 2483 E'“0 2-0 o 1279E“02 Oo 2278e-03-o o 5534E“04-0o 4462E‘-04-0 . 4420E~04 

9 -0o6723e-02 o o 1 725 e-o3“0 o 25 8 9e-o3-o o 2 172e-o3-0 o 35o9e-o4-Oo 3447e-0^ 

0 *-0o4187E“02-0c3014e-03 0 o 235oE-o3-0 o 3 15oe-*o3-0 o 1952e-o4-o o 2733 e-o4 

1 0o2002E‘-02-0o7201E-03-0o 1454E-03 0 o 3374 e-o 3-0 o 3 386E-03-0 o 1688E004 

2 0o2175E‘“01— 0o 1242E“*02— Oo 1 65 4 e— O 3*-0o8635e*“04 Oo38o9e— o3— 0o3459E“03 

3 “0o1981E“01-0o7012E“03-0o1960E-03-0o9614e-04-0o8567e-04 0o4191E-03 


Fo FOR LOAD AT RADIAL POSITION NO=6 


-OR 


RADIAL POSITIONS 
3 4 


■‘0o6852E--02 
-0o1659E-02- 
“0o2957E“02- 
-0o1047e~01- 
-0c,3021E“01- 
0o1632e-01' 
0o1873e 00- 
-0«1339E 00 
-0o2359E-02- 
*0o1553E-02- 
-0o1274E-02- 
0o2032E-02- 
0o1420E~01- 


0o9718E‘- 
0o3085e- 
Oo 15 oOE“ 
0o3751e- 
0o1446e- 

Oo 52 93 e- 

0o9279e* 
Oo 1335 e- 
0o6561e- 
0o1372e- 
0o2892e- 
0o6409E- 
0o1132e- 


- 02-0 
•02 0 
03-0 
'03-0 
• 02-0 
■ 02-0 
■ 02-0 
'02-o 
■0 3-0 
■03 0 
■03-0 
-03-0 
- 02-0 


0 1693E-02- 

o 2334 e-o3- 

^8323e-05- 

,1256e-03 

,1979e-03- 

„2706e-03* 

,2792e-03- 

„3o45e-o3- 

o3076E-04- 

o1285e-03- 

o9651E-04 

c1191E-03- 

o 1552 e-03- 


O0IO66E- 

061o38e- 

0o1268e- 

0o1858e- 

0o7917e- 

0.8127E- 

0o7767e- 

0o8821e- 

0o5204e- 

Oo isase- 
0o2385e- 

0 o 6 AAOE" 

0o7521e>- 


•03-0o4272e* 

■03-Oo449oE- 

03- 0o3277e- 
'03-0o2171e- 
‘04 0o2541e- 
04“0o5490E‘ 
■04-0 0-1-6 ISe- 
OA-OoSOISe- 

04- 0o3320E- 
03-0o2336e- 

03- 0o2422e- 
04 0o2800E- 

04- 0o6230E- 


•04-0o3107E-04 
■ 04-0o3229e-04 
■04-0o2691e-04 
•03-0o1881e-04 
-03-042485e-03 
■04 0o2850E-03 
■04-0o4283e-04 
■04-0o3494e-04 
'04-0o 2391E-04 
■04-0o 2426E-04 
’03-0o 1679 e-o4 
'03-0o2599E-03 
04 0o3122e-03 
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TABLE 3 - NONDIMENSIONAL MOMENTS Mg 
D=oOl AND jU = o2 

Ao EOR LOAD AT RADIAL POSITION NO=l 


RADIAL POSITIONS 



1 0o 8338E OO-OolOSoE 00 0o5785E-03 0 o 2457E-03 0elA30E“03 0<,2916E-0‘^ 

2 -0o2916E 00 0o9A87E“01-0o1077e-01-0o1908e-0A-0o'+616E“'0A— 0.8073E-0A 

3 -0o9506E-01-0o252AE-01 Oo 1854e-01“0o2278E-02~0o l539E-0A-0o^l32E-0A• 

4 -0e2269E-0l-0o8538E~02-0o3944E-02 0 o 32 18E-02-0 o 9962 e-o 3-0 o 152 3E-0^ 

5 -0<,5075E“02-0o2194e-02-0o 1'^52e-02-0o'^539e-03 Oo 1^16e-o2-0 o 1194e-o2 

6 0o7108E-02-0oT738e-03-0, A3i2e-03-0o1940E-03-0o5812e-03 0o2387e-02 

7 -0e592lE 00-0 o1178e-03-0o 1914e-03-0o1125e-03~0o1579e-03-009149e-03 

8 0o9753e 00-0o‘^1T5e^01-0o3555e-04-0o ^03 Ie-OA^-Q o 8358e“0A— O o 2A47 e-03 

9 -0o2695e 00 0 o '7'2oAe-0 I'O o 6 71 7e-02-0 » T94&E-0 A-0 o A867e-oA-0 o 9 141 £“0^ 

10 “O o 8892 E-O 1-0 o 18 o8e~01 O o 1 lO 1 E-0 1-0 o 1522e-02-0o 1726e-o4~0 o 4397 E-o4 

11 -0o2130E-01-0o5267e-02-0c, 1976e-02 0 . 1971e-o2-0 o 1 264e-o2 0o100'^E-04 

12 -0.4596E-02-0o1683e-02-0c7796e-03-0o4148e-03 Oo 2190E-02-0o 1480E-o2 

13 -0o9941E-02-0«2 987e-02--0o 1320E-02-0o6101E“03‘-0o 1669E-02 0o3471e-02 


Be FOR LOAD AT RADIAL POSITION NO=2 


ctOR 


RADIAL POSITIONS 

1 2 3 4 5 


6 


1 -0»5964E 00-0o2911E-01 0o6829E-03 0o2685E~03 0o1438E~03 0o8484E-04 

2 0o5934E OO Oo 8 540E-02-0 o 4354e-02-0 o 1337e-04“03 326 1e-04-0 „ 4916e-04 

3 ~0o2023E 00 Oo22o4E-Ol 0 o 5424E-02-0 o l759E-02-0= o564E-05-0 o 28 x6E-04 

4 -0o6250E‘-01-0o8078e-02 0«8247e-03 0 o 2451e-o2‘-0 o 9487e-03-0o 933o E-05 

5 -0o1316e-01-0o2794e-02-0o6594e-03-0,2346e-03 Oo 1424e-o2-0.6915e-03 

6 0 c 2958 E-03-0 o 1080E-0 2-0 o 3568 E-03-0 o1558e-03-0p2647e-03 0o1139e-02 

7 -0o1565e 00-0 ol 162 e-03-0 o 1826E“03-o<, 1000E-03-0o1 131e-03-0o 2670 E-03 

8 -0o4006E-0l-0ol383E-^l-0el408E-04-0o5l00E“04-0o6 099E-04-0<,l05 7E-03 

9 0o3874e 00 0 o 1 354 e- 0 1-0 o 3693 e— 02-0 <, 1 161e- 04-0 o 3420E“04-0 o 5223e-04 

10 -Oo13o7E 00 0c.8526e-02 Oo 5oO 2e-o2-0 o 155oe-o2-0 o 9 144e-o5-0 „ 3o22e-o4 

11 -0e4444E-0l-0o3925E-02-0.9483E-04 Oc2231e-o2-Oo93o5e-o 3-0„ il73E-04 

12 -Oo 8336 e-02-0„ 1524e-02-0o 3755 e-03-0 o3o83e-o3 o« 1458e-02-0o7084e- 03 
_~0 ° 2467E-0 l-Oo 3433 E-0 2-0 o1204e-0 2-0 o6620E-03-0o8088e-03 Oo 1475 e-02 
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Go FOR LOAD AT RADIAL POSITION NO=3 


RADIAL P''SITIONS 



1 -0o1S65e OO-O 0 IOT 6 E-OI OoTSZSe-OS 0o 2390E“03 OolH^E-O^ Oo^SSOe-O-^ 

2 _o°199lE 00 0 o1634e-02-0o20A2e-02 0 o 65o 1e-05“0 o 186'^E-O^-O , 289 2 e-0^ 

3 0o 5816E 00 Oo 36A6E~0-i: 0 o 1358E-0 2~0 o 9552E“03“0 o 8373E“06-0 o 1836 e— O'^ 

4 -O0I88IE 00 0oS032e-02 0o5926e-03 0 o 1 195e-0'2“0 o 5624e-o3“0 <. 6429 E-O^ 

5 -0o6282E^01-0o2119e*“02 Oo 16 02e-03-0 o 1^18e-0 3 0o8010E-03~0.'^012e-'03 

6 -0o'^850E-02-0o 12 85 e-02-0o5 20Ae-0A-0o^312e-0^-0o9230E-0'^ 0o6066e-03 

7 -0o8002E-01-0o3119e-04-0o7941e-0A-0o3833E“0^-0o3398e-0^-0o9899e-0^ 

8 -0o1T38E-01-0o6449e-02 O o 1059E-0 A-Q » 2496E“0'^‘-0 o 3 374e-0^-0 » 5270 E-0^ 

9 “0 = 3545E-01 0 = 3658E-02-0 o 1960E-0 2 -0 » 3662E-05*-0 o 2 106E-0A-O 0 3144E-0A 

10 0o234AE OO 0o3153e~02 0 0 2 129 E-02-0 o 8954e~0 3-0 o A793e-05-0 . 2o37e-0 A 

11 -0o6260E-01 0,1979e-02 0o2218e-03 0 0 1 202e-02-0 o 5 5 12e-03-0 0 87 A1 e-05 

12 . -0o3108e-01-0oA113e-03-0o1061e-0A-0o8153e-0A O . 8oT9e-o3-0 o AqIS EOo3 

13 _0^48i2e*-01-0o 3553e-0 2-0 o 7 1A8e-0 3-0 o 37A9e-o3-0 c 37o5e-o3 0,7965e-o3 


Do FOR LOAD AT RADIAL POSITION N0=A 


ictor 


RADIAL POSITIONS 
3 ' 4 


1 -0o5921E-01-0o5908e-02 0o9742e-03 

2 “O 06296 E- 0 I 0o1272e-02-0o1302e-02 

3 -0o1725E 00 Oo18o5e-03 0o8528e-03- 

A 0o5392e 00 0o288Ae-02 0o25A7e-03 

5 -Oo17o8E OO 0o3689e-02 0o2191e-03 

6 -0o2A22E-01-0o527Ae-03 Oo95o3e-OA- 

7 -OollAoE 00 0 oA277e-03 0o3068e-0A- 

8 0o1720E-01-0oAA38e-02 0o5909e-0A- 

9 ~Oo25oAE-01 0o1362e-02-0o1080E-02 

10 -0o3219e-02 0o8551e-03 0o1011e-02- 

11 O 0 IA 2 IE 00 0o1A85e-02 0o1A92e-03 

,12 -0o3252E-01 0o8923e-03 0o79A6e-0A- 

13 “0o8970E“01-0o2131e*-02-0o3750E-0 3- 


Oo 1888 e* 
0„2297e- 
0o5462e- 
0 o 6428 e- 

0o1660E- 

0»159Ae- 
O o915Ae- 
0c78Aoe- 
0o9609E“ 
0o54A9e- 
0o6986e- 
0o2216e* 
0o2134e' 


-03 Oo 
•OA-Oo 

■03 Oo 

■03-0o 
OA Oo 
•05-0o 
■05“0o 
’OS-Oo 
■05-0o 
■03“0o 
'03-0o 

■OA Oo 

‘O3-0« 


R215e- 

iqiae- 

11A5E* 

3546E- 

•+885E‘ 

Aoo9E- 

278AE- 

1930F- 

1289e- 

2556e‘ 

3566e- 

5o38E“ 

2037e- 


■OA 0» 
■OA-Oo 
‘05-0o 
■03-0o 
■03-0o 

•OA Oo 
'0A-0„ 
■OA-Oo 
■OA-Oo 

■05-0o 
■03-0o 
■03-0o 
'03 Oo 


A738e-0A 

18A9e-oA 

126oE-0A 

A831e-05 

2629E-03 

3821E-03 

A971E~0A 

3115E-0A 

2 IOOE-OA 

1A49e~0A 

6981e-05 

2653E-03 

5163e-03 
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Eo FOR LOAD AT RADIAL POSITION NO=3 


RADIAL POSITIONS 


-0 o 2 5 6 1 E~ 0 1 ■ 

-Oo l5llE“0l 
*0 o6033e-01- 
-0o1‘^97e 00 
0o^915E 00 
-0„85oOE-Ol 
-0o1948e 00 
0o2l9lE“0l- 
■0o^678E-02 
■Oo15o6E-01 
Oo23o 8E-02 
0o9248E-0l 
■0 o1078E 00- 


■0<,2840E‘ 
0o^694e- 
■Oo 59^0E- 
Oo 5925 E- 
Oo 2222 e- 
Oo 2436 e- 
0 o 1243e- 
•0o^637e- 
Oo 9758 e- 

0o2754e. 

0o6589e- 
Oo 8627E- 
0 o5287E- 


02 0 
'03-o 
0 ^ 0 
03 0 
02 0 
02 0 
02 0 
02 0 
03-0 
03 0 
03 0 
03 0 
03-0 


o9055E-03 

„72o6e-03 

o3095e-03- 

,1186e-03 

o1461e-03 

^ 1176e-03 

<,7462e-0'^ 

,8999e-0^ 

o5872e-03 

,4972e-03- 

o8633e-0^ 

o7302E-0^- 

o1837E-03- 


0o1385E- 

0c2618e- 

■0c.3263e‘- 

0o3799e" 

0o1^31e- 

0o2986e- 

0e,2420E- 

0 o T 128 p- 

0oi094E- 

■0.3523E- 

0o^^65e- 

■0o7896E' 

■0el313E- 


■03 0 
0^-0 
■03 0 
03-0 
' 0 ^ 0 
•05-0 
■05-0 
-05-0 
0^-0 
03-0 
03-0 
05 0 
03-0 


c6005E- 
= 5397e- 
,1721E“ 
o2398e- 
e3278E- 
o22o9e- 
o 1628 e- 
,1189e- 
,8399e- 

o1611E- 

o2493e- 

o3468E- 

oi298E-- 


■ 0 ^ 0 
'05-0 
■05-0 
■03-0 
'03-0 
■ 0 "^ 0 
• 0^-0 
■O'^-O 
•05-0 
'05“0 
03-0 
03-0 
03 0 


e3473E“0^ 
^ 128lE-0'^ 
„9148 e~05 
,3881e-05 
«1875e-03 
„2675e-o3 
„3o27e- 0^ 
a 2 o 86 E- 0 ^ 
^1492e-o4 

« 1088 e- 0 ^ 

o5691e-05 

o1919E-03 

„3699E“03 


Fo F 0 R load at RADIAL POSITION NO =6 


OR 



RADIAL POSITIONS 




1 

2 

3 4 

5 

6 


-O0I64IE-OI 
-Co^274e-02- 
-0.1A75E-01- 
-0o5783e-01 
-0c1710E 00 
0o19i5e-01 
O 08866 E 00 
“0o6354e 00 
-0c1941E*-02- 
-0o6471E-02 
-0ol007E-0l 
0o8928e-“03 
0e5649E“01 


Oo 2858E• 
-0.1^53E- 
-Oo8o99E- 
0o1257e- 
Oo 68 71 e- 
0o1756e- 
Oo 1661 e- 
0o2676e- 
■0<,3o15e“ 
O o 1 156e- 
0o2971E* 
0o‘^884e- 
0o2555e- 


■01 0o3511e 
• 0l OoS34oe 
•O^-O o 1837 e 
■03 0o8292e 
■03 0o8981e 
■02 0o9364e 
•02 0o7689e 
•02 0o6378e 
'02-0o2114e- 
■03 O 0 I 888 E- 
•03 0o5121E- 
03 0o5371e- 
03-0o8507e- 


-03 0e9594E- 
-O'^ 0o1884e- 
-03-o„ 184 oe- 
-0^ 0<,2291e- 
-0^ 0o9759e* 
'O^ 0o3861e- 
-0^ 0o6227e- 
-OA- 0050-^18- 
-03 Oo9o62e- 

-03-0o2322e- 
-04 0»3oo2e- 
-04-0 o3758e“ 
■04-0o86I4E“ 


•04 0o4418e* 
•04-0o2729e- 

•03 0 o 1280 E- 
■03-Oc1683e- 
■05 0o2321e‘ 
■05-“0o 1388 e- 
•05-0o1047e- 
‘05-0o7643e- 
05-0o5656e- 
03-0oil26E- 

03- 0o1819e- 
05 0e2520E- 

04- 0o8924e-- 


‘04 0o2611e*-04 
‘05-0o9279E“05 
•05-0o6890E-05 
■03-0o 3328 e- 05 
‘03-0o 1397 e-o3 
■04 o,1975e-o3 
■04-0o2024e--04 
■05-0o 1486 e- 04 
■05-0,lli0E-04 
05-0o8497E-05 
03-0o4733E-05 
03-0o1452e-03 
04 0„2780E-03 
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TABLE A - EXAMPLE 1 
Ao FOR LOAD AT RADIAL POSITION NO=l 


tOR 





RADIAL POSITIONS 





— 

■ 


■N 








1 


2 


3 


4 


5 


6 

1 

0 o 1 ^ l7 E 

01 

Oo 5297E 

00 

0o2507E 

00 

0c1617E 

00 

Oc1215E 

OO 

0o9773E-01 

2 

Oo 1335E 

01 

0o5089E 

00 

0o2457E 

00 

0o1602E 

00 

Ool2o8E 

00 

0o9728E-01 

3 

0oll34E 

01 

0=4550E 

00 

0=2323E 

00 

0ol559E 

00 

Oo 1188E 

oo 

0 0 96o5 E“' 0 l 

4 

0o8760E 

00 

0<.3846E 

00 

0o2147E 

00 

0ol502E 

00 

0.1162E 

00 

0o9435E--0l 

5 

0o6282E 

00 

0o3167E 

oo 

0ol976E 

00 

0ol446E 

00 

0o1135E 

00 

0o9264E-01 

6 

0o45l5E 

00 

0 o 2682 e 

00 

0 0 1855E 

00 

0.1A05e 

00 

Oo 1116E 

00 

0„9136E-o1 

7 

0c3877E 

00 

0=25o7E 

00 

OolSHE 

oo 

0ol390E 

00 

0o1109E 

00 

0e909lE~0l 



B, FOR LOAD 

AT RADIAL 1 

POSITION 

NO= 

= 2 



:tOr 





RADIAL POSITIONS 





1 


2 


3 


4 


5 


6 


1 

0o4429E 

00 

0o8994E 

00 

0o37l3E 

00 

0ol966E 

00 

0o1344E 

00 

0ol038E 00 

2 

0o4347E 

00 

0o6970E 

00 

0o3255E 

00 

0o1871E 

00 

0o1317E 

00 

0o1027E oo 

3 

0oA127E 

00 

0o487lE 

OO 

0o26i2E 

00 

0o1699E 

00 

0o1256E 

00 

0o9994E-01 

4 

0o3829E 

00 

0o3521E 

00 

0o2183e 

00 

0o1545E 

00 

Oo 1188E 

00 

0»9645e-01 

5 

0 o 3 5 36 E 

00 

0o2798E 

Oo 

0o1528E 

00 

Oo1A3oE 

00 

Ooll3oE 

00 

0o9294E-01 

6 

0o3323E 

00 

0c2464E 

00 

0ol798E 

00 

0o1374E 

00 

0o1102E 

00 

0o9015E-‘01 

7 

0o3246E 

00 

Oo 2368e 

00 

0c1758E 

00 

0c1357e 

00 

0o109AE 

00 

0o8982e-01 




Co FOR LOAD 

AT RADIAL 

POSITION 

NO= 

= 3 




:tOr 





RADIAL POSITIONS 





1 


2 


3 


4 


5 


6 

1 

0o2241E 

00 

Oo 36 o6E 

00 

0o8493E 

00 

0°35o9E 

00 

Oo 18o7E 

00 

O 0 I 212 E 00 

2 

0o2231E 

00 

Oo32o8E 

00 

0cA9q3E 

00 

0o2669E 

00 

Ool63oE 

00 

O 0 II 66 E 00 

3 

0o2202E 

00 

0o2656E 

Oq 

0 o 2826E 

00 - 

Oo19o9E 

00 

0=13T7E 

00 

Oo1o71E 00 

4 

0o2162E 

00 

0=2231E 

00 

0ol985E 

00 

0ol527E 

00 

OollSoE 

00 

0o9741E-'01 

5 

0o2121E 

00 

0»1967E 

00 

Oo 1650E 

00 

0o1335E 

00 

Oo 1086E 

00 

0o8985E-01 

6 

0 o 2 0 9 1 F 

00 

0 o 1 8 3 0 E 

00 

0ol512E 

00 

0ol242E 

00 

0o1033E 

00 

0o8710E~01 

7 

0.2080E 

00 

0ol788E 

00 

0olA72E 

00 

0o1214E 

no 

O 0 IOI 6 E 

00 

O 086 T 8 E- 0 I 



61 


Bo FOR LOAD AT RADIAL POSITION NO=A 


fOR 


1 


2 


RADIAL POSITIONS 


3 4 5 


6 


1 

2 

3 

4 

5 

6 
7 


Oo1529E 00 Oo19o 8E 00 Oo343oE 00 0 oT976e 00 Oo335oE 00 
0 o 1526E 00 0ol830E 00 0o2641E 00 0<.3633E 00 0»E247E 00 
0 o1519E 00 0o1689E 00 0o1937E qO 0o1942E 00 0c1^82e 00 
0«15o9E 00 0 o1555e oO Oo1544e qO 0.1396E 00 0«1169e 00 
0elA98E 00 0ol455E 00 0«1333E 00 OoHSlE 00 OolOlTE 00 
Ool^91E 00 0 o 1396E 00 0ol236E 00 OdoSSE 00 0o9418E“0l 
0 o 1488E 00 0<.1376E 00 061217E 00 Oolo58E 00 Oo919oE-ol 


0o1669E 00 
0ol439E 00 
OollSlE 00 

0o9569e-01 

0o8693E~01 

0o8185E“01 

0o8017E-01 


E, FOR LOAD AT RADIAL POSITION N0=5 


jOR 


RADIAL POSITIONS 

1 2 3 4 5 


6 


1 

2 

3 

4 

5 

6 
7 


0oll79E 00 0 o 1318E 00 0ol77lE 00 0o329lE 00 0«74o5E 00 
O0II77 E 00 0o1297E 00 O 0I6I2E 00 0o2236E 00 0o2845E 00 
O0II74E 00 0ol249E 00 0<.1387E 00 O0I5I8 E 00 0o1479E 00 
0 o1169 E 00 0oll93E 00 0ol2i2E 00 0oll82E 00 0ol083E 00 
0o1164E 00 0o11A7e qO OoIIOqE 00 Oolo2oE 00 Oo92o3E“01 
O0II6OE 00 OdllSE 00 Oo1038E 00 0o9428E-01 Oo846oE-o 1 
0dl59E 00 O0II06 E 00 0o1019e 00 Oo9198e-o1 0.824oE--o1 


O93140E 00 
0ol889E 00 
0<.1151E 00 
0<.9374E-ol 
OoSiesE-oi 
0 o7551E^01 
0,7365e-01 


Fo FOR LOAD AT RADIAL POSITION NO=6 


jOR 


RADIAL POSITIONS 

2345 


1 

2 

3 

4 

5 

6 
7 


0o9573E-01 

0e9566E-0l 

0o9544E-01 

0c95l5E-0l 

0o9486e-01 

0o9465e-“01 

0o9457E-01 


Oc 1024E 00 0 o1196E 00 
O 0 I 0 I 6 E 00 Oo1156E 00 
0o9932e-01 0o1069e 00 
0„9652e*-01 0o9820E-01 
0o9398e-01 0o9169e-01 
0,9227e-01 0o8783e-01 
0o9166E-dl 0 o8656E-01 


0o 1641E 00 0o3089E 00 
0 o 1929E 00 0d889E 00 
0c1163e 00 0o1225e 00 
0o9824e-01 Oo9A84e-o1 
Oo8755e-o1 Oo8176e-o1 
0.8199e-o1 0=T554e-o1 
0„8o27E-oi 0 o7368E-01 


6 


0o7481E 00 
0o2345E 00 
0o11'83e 00 
0c8799e~01 
0„75oA-e~o1 
Oo69o5e-o1 
0c6726e-01 
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Do FOR LOAD AT RADIAL POSITION N0=4 


RADIAL 

ectOR 

12 3 


1 0o2262E 00 0 o 2562E 00 0o3996E 

2 0o 2262E 00 0o2493E 00 0=3218E 

3 0o 2263E 00 0o2377E 00 0o2545E 

A 0=2263E 00 0o2289E 00 0o221AE 

5 0=2264E 00 0o2257E Oq 0o2119E 


POSITIONS 


4 5 6 


00 0o 8466E 00 0o3776E 00 Oo2o44E 00 
00 0 o 4132E 00 0o268iE 00 Ool82oE 00 
00 0 o2471E 00 0o 1942E 00 0ol552E..00 
00 0 o 1982E 00 0ol676E 00 0<.1394E 00 
00 0 o1872E 00 Oo16o7E 00 0<=1364E 00 


Eo for load at RADIAL POSITION NO=5 


sector 


RADIAL POSITIONS 

1 2 3 4 5 



1 

2 

3 

4 

5 


0o 1753E 00 0ol850E 00 0o2249E 00 0o3718E 00 0 = ’7786E 00 
0o1753E 00 0o1835E OO Oo2o 98E 00 0o267lE 00 0»3233E 00 
0 o1753E 00 0o 1802E OO 0ol897E 00 0ol978E 00 0=1891E 00 
0 o 1753E 00 0ol772E 00 0cl764E 00 0ol690E 00 0ol541E 00 
0ol754E 00 0ol761E 00 0ol721E 00 0ol612E 00 0ol459E 00 


0=3481E 00 
0o2237E 00 
0ol5l9E 00 
0o1345E 00 
0ol2^2E 00 


Fo FOR LOAD AT RADIAL POSITION NO =6 


sector 


RADIAL POSITIONS 
3 4 



1 

2 

3 

4 

5 


0o 1427E 00 0ol469E 00 0ol607E 00 0o20l6E 00 0o3431E 00 
0 p 1427E 00 0ol464E 00 0ol562E 00 O 0 I 8 IIE 00 0o2237E 00 
0 o 1427E 00 0=1451E 00 OolSOlE 00 0ol564E 00 0<.1593E 00 
0 o 1427E 00 0ol439E 00 0ol444E OO 0ol42lE 00 0cl356E 00 
0 o1427E 00 0o1435e' OO o = 1423e 00 0o1376E 00 0o1294e 00 


0o7793E 00 
0o 2662E 00 
0ol520E 00 
0 o1253E 00 
0<,1190E 00 
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TABLE 6 - EXAMPLE 3 


Ao FOR LOAD AT RADIAL POSITION NO=l 


RADIAL F "■SIT IONS 



1 


2 


3 


4 


5 


6 


1 

0 o 18o4E 

01 

OoTSo'^E 

00 

0o43C8E 

00 

0 0 3 008 E 

00 

0c2324E 

00 

Oo 1886E 

00 

2 

Oo 1787E 

01 

0o7772E 

0 0 

0c4311E 

00 

0 o3oo6E 

00 

0o2324E 

00 

O0I886E 

00 

3 

0 0 1763 E 

01 

0=T718E 

00. 

Oo43noE 

00 

Oo3oo5E 

00 

0o2324E 

00 

0o1887E 

00 

4 

0o1752E 

oi 

0o7693e 

qo 

0=4293E 

00 

Oo3ooAE 

00 

0.2324E 

00 

0o1887E 

00 




E 

)o FOR LOAD 

at radial position 

NO=2 




sector 





RADIAL POSITIONS 





1 


2 


3 4 

5 


6 



1 

Oc7675E 

00 

0o1136E 

oi 

Oc547oE 00 0o3323e 

00 0o2433E 

00 

0=1936E 

00 

2 

0o7670E 

00 

0C.9433E 

00 

0o5053E 00 0 o3246E 

00 0«2419E 

00 

O0I928E 

00 

3 

0o7662E 

00 

0o7669E 

oc 

0o4530E 00 0 o3129E 

00 0o2386E 

00 

0ol929E 

00 

4 

0o7659E 

00 

Oo 7042E 

00 

0o 4365E 00 Oo3o91E 

00 0o2375E 

00 

0<.1929E 

00 


Co FOR LOAD AT RADIAL POSITION NO=3 


sector 


radial positions 

3 A 



1 

2 

3 

4 


0o4321E 00 
OoA322E 00 
0oA323E 00 
0o432AE 00 


0o5394E 00 
0o5038E 00 
0o4623E Ov 
0o4462E 00 


0o9966E 00 
0o6415E OO 
0o4476E OO 
0o3971E 00 


bo4723E 00 
0c39llE 00 
0o3243E 00 
0c3o53E 00 


0o2823E 00 
0o2663E 00 
0o2463E 00 
0o2360E 00 


o2074E 00 
o2037E 00 
ol969E 00 
ol948E 00 
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De FOR LOAD AT RADIAL POSITION NO=A- 


RADIAL 

■ectOR 

12 3 


1 0o30l7E 00 0 o3234E 00 0c^e3lE 

2 0c30l7E 00 0o3226E 00 0=38S7E 

3 0o30l7E 00 0C.31A4E 00 0o3280E 

4 0o30l8E 00 0o3110E OC 0o3088E 


POSITIONS 


4 5 6 


00 0<.9o 34E 00 0o4269E 00 0c.2471E 00 
00 0 o 4718E 00 0o3l88E 00 0o2258E 00 
00 0o3l23E 00 0 o2499E qO 0=2020E 00 
00 0o2791E 00 0o 2337E 00 0ol9l4E 00 


Eo for LOAD AT RADIAL POSITION NO=5 


sector 


RADIAL POSITIONS 

1 2 3 4 5 


6 


1 

2 

3 

4 


0o2338E 00 0 o 2424E 00 0o2790E 00 0o4211E 00 0oB229E 00 
0o2338E 00 0 o2414E OO 0<.265oE 00 0o3179e 00 0o369lE 00 
0 o2338E 00 0o 2395E 00 0o2467E 00 Oo 2538E 00 Oo24ooE 00 
0 o2338E 00 0o2387E 00 0o2425E 00 0o2363e 00 0o2l67E 00 


0o3876E 00 
0e2644E 00 
0ol968E 00 
0o1875e no 


Fo FOR LOAD AT RADIAL POSITION NO=6 


I^ECTOR — 

■L' 1 


RADIAL POSITIONS 

2 3 4 5 


6 


IL' 1 0c1903E 00 0o1941E 

i: 2 0o1903E 00 0o1938E 

t,; 3 0 o1903E 00 0o 1933E 

L , 4 Ocl9o3E 00 0ol930E 


OO Oo2ob2E 00 0<.2444 e 00 
OD Oo2o34e 00 0o2249E 00 
00 0=1985E 00 Oo2o39E 00 
00 0o1964E 00 0o1965E 00 


0o2i826E 00 0 o8154e oO 
0.2644E 00 Oo3o36e oO 
Oo2o42E 00 0o1934E 00 
0o1897E 00 0.>176oE OO 
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table 7 - example a 


Ac FOR LOAD AT RADIAL POSITION NO=l 


ectOR 


RADIAL P-SITIONS 

12 3 4 5 6 


1 0o 2673E 0l 0 o 1163E 1 Oo646oE 00 OoA5o9E CO 0o3486E 00 Oo283oE 00 

2 0=.2663E 01 0oll62E 01 0o6459E 00 0°A508E 00 0o3486E OO Oo283oE 00 

3 0.2656E 01 O0II6IE 01 0o6457E 00 0o4508E 00 0o3486E 00 0c2830E -00 


Be FOR LOAD AT RADIAL POSITION NO=2 


■ECtDR 


RADIAL P ^SITIONS 
3 4 


1 OollSOE 01 0olA59E 01 0o7569E 00 0=A827E 00 Oo36o3E 00 0.2896E 00 

2 OcllSOE 01 O 0 I 295 E 01 0o7236E 00 0«A791E 00 0<.3607E oO 0o2893E 00 

3 O 0 II 50 E 01 O 0 I 2 IIE 01 0o6981E 00 0cA755E 00 Oo36o6E 00 0<.2897E 00 


Go FOR LOAD AT- RADIAL POSITION NO=3 


sector 


RADIAL P"SITI0NS 
3 4 


1 0<.6483E 00 

2 0o6A84E 00 

3 0o6A84E 00 


0o7540E 00-0 o1179E ol 0o6178e 00 Oo398oE 00 Oo3oo9E oO 
0o 7269E 00 Oo84.oE 00 0a5438E 00 0 o3843e 00 Oo^qIIE 00 
OoTloOE qO 0o 7124E 00 Oo5o31E QO 0=377oE oO Oo3on3E 00 
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Do FOR LOAD AT RADIAL POSITION NO=A 


,ectOR 


1 

2 

3 


RADIAL POSITIONS 


12 3 4 5 6 

— — — — — — — ^ ^ ^ ^ ^ — ^ — 

OoA- 525E 00 Oo'^SlSE 00 Oo61l5E 00 0 o 1034E 0l Oo538AE 00 Oe34o7E 00 

0o 4526E 00 0o478lE 00 0c543lE 00 0o6114E 00 0o4357E 00 0o32l5E 00 

0o4526E 00 0 o 4755E 00 0o5091E 00 0 o4942e 00 0o?883E 00 Oo31o3E 00 


Eo FOR LOAD AT RADIAL POSITION NO=5 


sector 


RADIAL POSITIONS 
3 4 


1 Oo35o6E 00 0o3612E 00 0 o 3970E 00 0o5331E 00 0o9245E 00 0e4773E 00 

2 0o35()6E 00 Oo26o7E 00 0o3863e qq Oo436oE 00 OO 0o3582e qO 

3 Oo35o6E 00 0o 3603E 00 0o3793E 00 0»3956E 00 Oo 3783E 00 Oo3o39E oO 


Fo for load at RADIAL POSITION NO=6 


■SECTOR 


RADIAL POSITIONS 
3 4 


Oo2855E 00 0c 2904E 00 0o3030E 00 0c3392E 00 0o4724E 00 0o8982E oO 
0 o2855E 00 0«>29o 4E 00 0o30l6E 00 0o3231E 00 0o3592E 00 0<.3916E 00 
0 o2855E 00 Oo29o 3E 00 0o3003E 00 0e3l29E 00 0o3186E 00 Oo3o39E 00 


1 

2 

3 


TABLE 8 - example 5 


68 




Ao FOR LOAD 

AT RADIAL POSITION 

NO=l 




sector 



RADIAL POSITIONS 





1 

2 

3 4 

5 


6 


1 

X 

2 

0a3556E 

0o35A9E 

0l 0ol550E oi 
01 0ol549E 01 

0o8612e 00 Oo^ollE 
0=8611E 00 O 060 IIE 

00 0oA648e 
00 0c,4548E 

00 

00 

0o3773E 

0o3773E 

00 

00 



Bo FOR LOAD 

AT RADIAL POSITION 

NO=2 




SECTOR 



RADIAL POSITIONS 





1 

2 

3 4 

5 


6 


1 

2 

0o1533E 

0o1533E 

01 OolSAOE 01 
01 OolTlOE 01 

0o9836E 00 0o6414E 
0 o9593E 00 0c6375e 

00 0o4813E 
00 Oo48o5E 

00 

00 

O 0 3865 E 
0e3857E 

00 

00 




Co FOR LOAD 

AT RADIAL POSITION 

N0=3 




sector 



RADIAL POSITIONS 





1 

2 

3 4 

5 


6 


1 

2 

0.8645E 

0o8645E 

00 0o9856E 00 
00 0<*9661E 00 

0^1394E 01 0<.7776E 
0ol0-i9E 01 0»7154E 

00 0o5183E 
00 0o5127E 

00 

00 

0 »Ao 22 E 

0o4006E 

00 

00 



Do FOR LOAD 

AT RADIAL POSITION 

N0=4 




sector ' 



RADIAL POSITIONS 





w ^ 1 ' 

1 

2 

3 4 

5 


6 


r‘ 

1 

2 

0o6034E 

0o6034E 

00 0o 6394E 00 
00 0o6370E OC 

0o7735E 00 0 o1183E 
0o7167E 00 0o7841E 

Ol O 06606 E 
00 0o5687E 

00 

00 

0o4384E 

0oA278E 

00 

00 



Eo FOR LOAD 

AT RADIAL POSITION 

MO=5 




:sectOr ■ 



RADIAL POSITIONS 





1 

2 

3 4 

5 


6 


O . 

1 

L 2 

0oA675E 

0o4675E 

00 O 0 A 8 IIE DO 
00 Oo48o9E 00 

0o52i-4E OO 0 o6574e 
0c5137E 00 0o3716E 

00 O-lO'^OE 
00 0°6o9oE 

ol 

00 

0o5751e 

OoA612E 

00 

OO 



Fo FOR LOAD 

AT RADIAL POSITION 

NO =6 




-sector - 



RADIAL POSITIONS 





ivi' 

1 

2 

3 4 

5 


6 


f' 1 

, 2 

0o3806E 

0«38o6E 

r 

00 0»3871E 00 
00 0o387lE 00 

0o4026E OO 0o4408E 

Oo-^Oa^E 00 0oA288e 

00 Oo5723E 
00 0 aA 686 E 

00 

00 

0o9914E 

0o^969E 

00 

00 
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TABLE 9 - example 6 




Ao FOR LOAD 

AT RADIAL POSITION 

NO= 

1 




ECjOR 




RADIAL POSITIONS 
















1 

2 


3 4 


5 


6 


1 

0o5330E 

0l 0 o232Ae 

oi 

0.i2^2E 01 Oo9o17E 

00 

0»6972e 

00 

Oo566oE 

OO 

2 

0o5326E 

0l o=232Ae 

0l 

0o1292e oi Oc9o17e 

00 

0o6971e 

00 

Oo566oE 

OO 



Bo FOR LOAD 

AT RADIAL POSITION 

NO= 

:2 




ECjOR 




RADIAL P. SITIONS 






1 

2 


3 4 


5 


6 



1 

Oo23oOE 

01 0»2670E 

01 

0o 1A55E Ol 0 o9582E 

00 

Oo72o9E 

00 

Oo5793E 

00 

2 

Oo 23oOE 

01 0o259lE 

01 

0o 1A47E Ol 0 o9582e 

00 

0o7214E 

00 

Oo5786E 

OO 



Co FOR LOAD 

AT RJiDIAL POSITION 

NO= 

= 3 




ectOR 




radial POSITIONS 






1 

2 


3 4 


5 


6 



1 

O0I297E 

01 0 ® 1 A-6^E 

01 

0o1892E 01 O 0I12IE 

01 

0.7750E 

00 

0 0 6'0 1 2 E 

00 

2 

0o1297E 

01 OoIASAE 

01 

0ol6'90E Ol O0I088E 

ol 

0o7686E 

00 

0 0 6o22E 

OO 



Do FOR LOAD 

AT RADIAL POSITION 

NO= 

= 4 




iECT^^R 




radial POSITIONS 







**^4. 









1 

2 


3 4 


5 


6 


1 

0=9051E 

00 0o9573E 

00 

O 0 II 2 IE Ol 0=1528E 

Ol 

0o9267E 

00 

0o65llE 

OO 

2 

0c9C3lE 

00 0o9562E 

00 

O0IO86E Ol 0ol223E 

Ol 

0o87l4E 

00 

0o6429E 

OO 



Eo FOR LOAD 

AT RADIAL POSITION 

NO= 

= 5 




sector 




RADIAL POSITIONS 






1 

2 


■ 3 4 


5 


6 



■' 1 

Oo70i3E 

00 0c7215e 

Oo 

0o7763e 00 0o9287e 

00 

Oo13o3E 

ol 

0o7812E 

00 

2 

0<,7013E 

00 0o721Ae 

00 

Oc7725e oo 0c8721e 

00 

0c9548E 

00^ 

0=7163e 

00 



Fo FOR LOAD 

AT RADIAL POSITION 

NO= 

= 6 




[' 

fe’C* r" "T O D 




RADIAL POSITIONS 






|i,tt L T ^ 

l''i' ' 

i' 

1 

2 


3 4 


5 


6 


ii; 

U' 1 

Oa57o9E 

00 0<.38o7E 

00 

0=6o33E oo 0o6521E 

00 

Oo791oE 

00 

0»12o2E 

ol 

i';:' 2 

Oo57o9E 

00 0=58o7E 

00 

0o6032E 00 OoOA63E 

00 

0o7i85E 

00 

0o7831E 

00 
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TABLE lO- EXAMPLE 7 


RADIAL POSITIONS 

LOA^ 

POSN» 1 2 3 4 5 6 


1 

2 

3 

4 

c 

6 


O 0 IO 66 E 02 0c4648E 01 Oo2583E 01 0ol803E Ol 0ol394E ol 
0o4600E 01 Oo5261E 01 0o2902E 01 O 0 I 9 I 6 E Ol 0ol442E ol 
Oo 259AL 01 0o29l8E 01 0o3562E Ol 0=2208E Ol 0ol544E Ol 
O 0 I 8 IOE 01 0<.1913E 01 0o2207E Ol 0o2751E Ol 0ol798E Ol 
OolAo3E 01 0ol443E Ol 0=.1549E Ol O 0 I 8 OIE Ol Oo2258E ol 
O 0 II 42 E 01 O 0 II 6 IE 01 0^1206E Ol 0.1298E Ol OoISIqE ol 


0oll32E Ol 
O0II58E Ol 
Ool2o3E Ol 
0<.1294E Ol 
0=1A98E Ol 
0 o 1985E ol 


TABLE 11- EXAMPLE 9 


RADIAL POSITIONS 


sector 

12 3 


1 

0o1739E 

01 

Oo 1788E 

01 

0o1796E 

2 

Oo 1667E 

01 

0o1517E 

bi 

Oo 1286E 

3 

0.1A90E 

01 

Oo1183E 

01 

0o8954E 

4 

O 0 I 254 E 

01 

0o9171E 

00 

0o6775E 

5 

Oo IO 08 E 

01 

0o7261E 

0 0 

Oo 5485E 

6 

0o7934E 

00 

0o5927E 

00 

0 0 4545 E 

7 

0o6398E 

00 

0o5031E 

00 

0o4071E 

8 

0o5593E 

00 

0o4484E 

00 

0o3681E 

9 

0o5471E 

00 

0o^213e 

00 

0o3429E 

10 

0o5840E 

00 

O 0 AI 4 IE 

00 

0o3279E 

11 

0o6419E 

00 

0oA178E 

OQ, 

0o3199E 

12 

0o6919E 

00 

0oA243'E 

oo 

0o3164e 

13 

0o71l4E 

00 

0o4272e 

00. 

Oo 3154E 



4 


. . 5 


6 


Ol 

0o1744e 

Ol 

0ei603E 

Ol 

0« 1361E 

ol 

Ol 

O0I086E 

ol 

0.8939E 

00 

0 6925E 

00 

00 

0o7164E 

00 

0o5770E 

00 

0o4567E 

00 

00 

0<.5420E 

OO 

0o4415E 

00 

0 0 3643E 

oo 

00 

0o4432E 

00 

0o3672E 

00 

0 0 3o8 1 E 

00 

00 

0o3804E 

00 

0=3189E 

00 

Oo27o2E 

00 

00 

0o3370E 

00 

0o2849E 

00' 

0=244oE 

oo 

00 

0 o3o56E 

00 

O.2606E 

00 

0o2249E 

00 

00 

0o2854e 

00 

0,2433E 

00 

Oo211oE 

oo 

00 

0o2714e 

00 

0.2315E 

00 

Oo2o13E 

00 

00 

0 o2626e 

00 

0o2238E 

00 

0o1949E 

00 

00 

0«2579E 

00 

0o2196e 

00 

0»1914e 

00 

00 

0o2564E 

00 

0o2182e 

00 

0o19o2E 

00 
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TABLE 12- EXAMPLE 8 



1 


0<^2A5.0E 01 
0o 2359E 01 
0o2l32E 01 
0 o1838E 01 
0o1555E 01 
0,1353E 01 
0o 1280E 0l 


RAD L ^POSITIONS . ' o 

2 3-1 -2 f.-; ;• A " 5 6 

-AAA 

0o2215E 01 0 o 2111E Ol O = 2 0..6.0i^ ■ 0 1 Oo 1821_E...0l 0ol552E Ol 

Oo 19A1E 01 0ol602E 01 Oo13-^-EJo1 0 = 1113:&r';pl.. -0 o8839E 00 

O 0 I 60 IE Ol Ool2i5E O'l Oo979oE 00 0 » bG'O 8 ^J 0 Jl.jD o'65-16E 00 

O 0 I 33 IE 01 OclOOSE 01 0 o8134E^Q0. 2o673oE- 00~0.5636E 00 

0oll47E 01 0o891AE 00 OolZBBE OO" oT6l'0'BE-”.0.0 0o5l9lE 00 

OolO^lE Ol 0 o 8326E 00 0o6869E 00 0 o 5795E 00 Oo'^95oEOOO 

O 0 IO 08 E Ol 0 c8142e 00 0e874lE 00 0o^B99e 00 Oo^SSqE 00 


I, 

I/SECtOR 


I, 


TABLE 13- EXAMPLE lO 
RADIAL POSITIONS 

12 3 4 5 6 

0o 7528E 02 OoT418E 02 0o7181E 02 0o6834E 02 0.6295E o2 0o5500E002 
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TABLE 14 - POLYNOMIAL CO-EFFI C I ENTS 


AoFOR SECTOR 1 


-0»17029E 

0*11923E 

-0<,20955E 

0o58779E 

-0»43014E 

Ool95'^6E 

-0o13835E 

0o24379E 

-Oo684o6E 

0o50065E 

-0c79139E 

Oo566o6E 

-Uo99985E 

.0„28064E 

-0e20542E 

0o13494E 

-0.97320E 

0o17221E 

-0.48348E 

0,35391E 

-0.82419E 

0,59815E 

-0o10598E 

0.29759E 

-0o21785E 

0.36749E 

-0,2578oE 

0o45353E 

-0.12723E 

0,93113E 

-0o^2181E 

^o29849E 
-„„52616e 
001^^7658 
“0 o IO 806 E 
0„17o81e 
- 0.12196E 
0,21540E 
-0a60460E 
0 o^^254E 
-0,291328 
0,209498 
-0,37o56E 
Oo10A-o3e 


04 O0I727IE 

06- 0o21030E 
07 0o40703E 

07- O0 115618 
07 0o84972E 

04- 0:>20141E 

06 0o24520E 

07-0o47453e 

07 0o13478e 

07-o,99060E 

03 0o82784e 

05- 0,10077e 

06 0cl9499E 

07-0o55383e 

07 0o40704E 

03-0*142808 

04 0*173838 

06- O0 33634E 
06 0*955268 

06- 0o70207E 
01 0.879768 

03- 0*1o710E 
05 . 0*207218 

05- *o*58848e 

05 0.^3250E 

04- 0*374648 

06 0.'^5566E 

07- 0*881718 

08 0*250448 

07- 0*184078 
04 o*^3553e 

06- 0*529578 

07 o*1o246e 

08- Oo291o2e 

08 o*21389e 

04- o,17863e 

06 0*217188 

07- 0*420158 

07 0*119338 
07-0*877028 
03 0*307708 

05- 0* 37410E 
06 0.723688 
07-o*2o553e 


057-0.120338 

07 0*147028 

08-0*284758 
09 0*808878 

08-0.594528 
05 0.140328 

07- 0.171428 

08- 0*331978 

09- 0*942988 

08 0*693o8e 

04- 0*576728 
0 '^ 0o’70^^6e 

08-0.136418 
08' 0.387488 

08- 0*284798 

04 0*994868 

06- 0*121528 
07 0.23530E 

07- 0.668348 

07 0.A9120E 
02-0.61293E 

05 0*748758 
06-0*144968 

06 0*411738 

06- 0*30260E 
05 0*26o91E 

07- 0*318528 

08 O.6I680E 

09- 0*175218 

09 0.128788 

05- 0*3o328E 

07 0*37o17e 

09-0.71676E 
09 0*2o36oE 

09-0 . 149648 

05 0*124398 
07-o*1518oE 
08' 0.293918 

09-0*834838 

08 0.613588 
04-0*214278 

06 Oo2615oE 
07r0tt50623E 
08 0*1^3798 


06 0*342858 06-0*342238 06 

08- 0*419758 08 0.^19558 08 
09 0.813288 o9-o,8131oE o9 

09- 0*231048 10 0*230998 lO 
09 0*169818 10-0*169788 lO 

06- 0*399788 06 0*399o5E 06 

08 0*489398 08-0*489158 08 
09-0o94S14e o 9 0*947928 o9 

09 0.26934E 1o-0*26928e lo 
09-0*197968 lo 0*197928 iQ 

05 o«18'43oE 08-0*164008 08 

07- 0*2o112e 08 0*2 o 1 o 2E 0® 
09 0*389618 09-0*389528 09 
09-0*110678 lo 0*110658 lO 

09 0*813438 09-0*813268 09 

04- 0*283438 05 0*282918 05 

07 0*346948 07-0*346778 07 

08- 0*672038 08 0*671878 08 

08 o.19o89e 09-0*19085e o9 

08- o.l4o3oE 09 o*14o27e o9 
03 0*174638 o4-o*17431e 0^ 

05- 0.21376E 06 0*213668 06 
07 0.414028 07-0*413928 o7 

07- 0, 117608 08 0.117588 08 

07 0*864318 07-0*864138 o7 

06- 0.743178 06 0.741718 06 

08 0*909298 08-0*908818 08 

09- 0.176168 lo 0*176118 lO 

10 0*50042E 10“0*5oo 31E lO 

10- 0.36782E iQ 0.367748 lo 

06 0*863818 o6-Oo862o9E o6 

08- 0*10567e o9 o*1o562e o9 

09 0*2o471e 1o-Oo2o465e lo 
10-0.581518 lo 0*581388 lO 

10 0.42741E 10-0*427318 lo 

06- 0.35427e o6 0o35355e 06 

08 0*433358 08-0*433118 08 

09- 0*839398 09 0*839178 09 

09 0*238448 10-0*238388 10 
09-0*175258 lO 0*175218 lO 
05 0*610268 05 -o*6o9o3E 05 

07- 0.7 6508 07 0.746o9E 07 
08 0*144588 09-0o14454e o9 
09-0*41o68e o9 Oo41o59e o9 
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-0„76150E 
0o17799E 
-0o12868E 
0o22786E 
-0o63977E 
0o46833E 
-0o27497E 
0„19259E 
-0.33877E 
0„95o35E 
-0„695^9E 
0o31690E 
-0o22382E 
0o39446E 
-0cll069E 
OoSlOOSE 
-Oa2875E 
0o91707E 
-0o18193E 
0«45448E 
-0o33265e 
0<,22ollE 
-0o15785e 
0o27912e 
-0„7S354E 
0c57353E 
-0.13474E 
0o97l09E 
-Oo17188E 
0o48256E 
-0o35324E 
0o91905e 
-Oo64o4oE 
Oo11252E 
-Oc31561E 
Oe23o95E 
-0o10634E 
0o74686E 
-0o13148E 
0o36885E 
-0o26994E 
0„43342E 
*-0o3 06 84e 
0,54114E 
-Oc15185E 
Oollll^E 
-Q<.74290E 
A.52921E 
-0o93457E 
0,26229E 
“,0o19198E 
0o45565E 
-0<,32605E 


06 OolSloSE 

02- 0o18938E 

04 0=23o27e 
05-0o44539E 

05 0ol2649E 

05- 0o92963e 
04 0o28046E 

06- 0o34055e 

07 0o65876e 

07- 0o 18710E 

07 0o13751e 

04- 0o 32720E 

06 0=39721E 
07-0o76829e 

08 0<.21820E 
07-0<.16036E 

04 0o13456E 

05- 0o16333e 

07 0o31588e 
07-0c897l0E 
07 0 o85930E 

03- 0«23221e 

05 0o28188e 

06- 0o54512e 

06 0o15481E 

06- 0.11377E 
02 0ol431lE 
03-0 o17374E 
05 0o33597E 
,05-o«95409E 
05 0c70117E 
03-0o93364e 
05 0o11310E 

07- 0o21870E 

07 0«62108e 
07-0o45645e 

04 0el0929E 

05- 0oX3237E 
07 0o25593e 
07-0o72681E 
07 0o53414E 

03- 0<.45o59E 

05 0o54567e 

06- 0ol0550E 
07 0 o29959e 

07- o,22o17e 

02 0o77899e 

04- 0o94347e 

05 0o18240E 
06-0.51795E 

06 0o38064e 
01-0o48068E 

03 0o58228E 


08-0.10568E 09 0o30184e 09-0o30178E o9 

03 0ol3188E 04-0 o37562E 04 0o37487E o4 

05-0o16096E 06 0o45949E 06-0o45924e o6> 
06 0o31157E 07-0o88984E qI 0o 88961E 07 
07-0o88494E Ql 0o2 275E 08-0o25270E 08 

06 0o65039E 07-0o18576e o8 0o18572E o 8 
05-0al9519E 06 0 o55576e 06-0o55454e o6 

07 Oo238olE 08-0 o67938e o8 Oo67897E o8 
08;-Oo46o79e o 9 0al3l60E 1 o-Oo13156e Iq 
09 oa3o89E 10-0.37382p Iq o«37372e Iq 
0970.96198E o9 0 c27475e 1o-Oo27468e Iq 
05 0o22771E 06~0o64830E o6 0o64685e qS 
07-0o 27760E 08 0o79239E 08-0 o79190E o8 

08 Oo5374oE 09-0o11347e lo 0 o15343e Iq 
09“0o 15264E lO 0*43595 e 1o-0»43584e lo 

09 0oll219E 10-0*32 o 42E lo 0o32034E lo 

05- 0o93636E 05 0c,26659E 06-0o26598E 06 

07 0o11414e 08-0o32581e 08 0o32561E o8 
08^0o22o95E o9 0»631oOE 09-0o63082e o9 

08 0o62756e 09-0o17923e Iq 0o17919e lO 
087,0, 46123E o9 0 o13173e 1o-OoX317oE IQ 

04 O0I6IS0E o3“0.^8oo9e 0^ Q<,^59o5e 0^ 
06^0o19700E o"^ 0o36232e o'7-0.36197e o'^ 

07 Oo3813oE o8-0«2o889e o^ OoXo886e 0^ 
08^0o1o83oE o9 0=>3o93oE o9-Oo3o923e o9 

08 Oo79593E 08-0o22732E 09 q^ZZIZIE q9 
03-0o99597E 03 Oo28357E 04>-0»28294e o4 

05 0ol2l43E 06-0 o34660E 06 0o34639E o6 
06“0o23500E o7 0o67114E o7“0«67o95E o7 

06 0o66744E 07-0o19062e 08 0.19o58E o8 

06- 0o49052E o 7 Ool^OlOE 08-0 o14006E 08 
04 Oe6492oE 05-0 o18474e o6 o»X8427e o6 

07- Oc79o26e ol 0o22554e o8“Oo22538e qS 
08 0o15296E 09-0o43680E o9 o«^3665e o 9 
08r0o43444E o9 OoX24o7e 1o-0»124o4e lo 
08 0 o31929e 09-0c91188e o9 0.91183e o 9 
05_Oc.7599oE 03 0 o 21623e 06—0O21567E 06 

07 0o 92486E 07-0o2l395E 08 0.26377E 08 

08- 0ol7900E 09 Oo51116E 09-0o51099E o9 

08 0o50l39E 09-0 o 14519E lO 0ol4515E lO 
08-0e37364E 09 0»l0671E I0-O0I0668E lO 

04 0o31328E o5“0.89142E 05 0o88910E o5 
06_0c38126e 07 Oo10881e 08-0<,1o873e o8 
08 0o73783E 08-0o21070E 09 0o21063E o9 
08t0o20955E 09 0.59846e o9-0»59828e o9 
08 Oo154o1E 09'-0o^3983e o9 0c,‘^3971e 0^ 
03rO,54163E 0^ 0 o15412e 05-0o15372e O^ 

05 Oo65921E o8-Oo18814e o^ O0I8800E o'^ 
07-0 o12757E o8 0o36429E 08-0.36417e o8 
07 Oo3623oE o8-Oo1o347e o9 Oo1o344e o9 
07-0o26626E 08 Oo76o42e 08-0o76020E 08 
02 0.33424E 03-0o95115E 03 0o94871E o3 
04,-0o40685E o5 0.11612E o6-0»116o3E o6 
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0„57632E 04-0o 11256E 06 0o78727E 06-0 o22482E o7 0o22475E 07 
-0o16177E 05 0o31964e 06-0o22358E 07 0.63853E 07-0o63835e o 7 
0.11840E 05-0®23489E 06 0ol6431E 07-0.46926E 07 0o46913E 07 
-0 o 14056E 03 0ol4178E 04-0.98451E 04 0o27993E 05-0.279o7E 05 
0.97158E 04-0ol7116E 06 0611955E 07-0»34lllE 07 0»34083E 07 
-09l’7040E 06 0<>33081e 07-0o23133e c8 0<.6 o53e o8-Oo66o27e o 8 
0„47780C 06-0o93939E 07 0o65699E 08-0ol876lE 09 0 o18755e o9 
-0o34960E 06 0,69034e 07“0o48284e o8 0o13788e 09-0o13784e o9 
0.16315E 03-0o16638e 04 0o11552e o5-0.32845e o5 0o32743e o5 
-0,1136oE 05 Oo^O^SIe o6-Oo14o25e Oo^OO^^E 0'7-0o39985e o'^ 
0„1996oE 06-0o38810E 07 Oo27138e 08-0c77490E o8 0o77459e qS 
-g^5598lE 06 0 o11020E 08-0.77o73e o8 Oo22oo9E o9-0.22oo1E o9 
6.40964E 06-0o80985e o7 0»56642e 08-0o11175e o 9 Ool^l^oE o9 
-0 o 66678E 02 0r.68716E 03-0o47711E 04 0.13565E 05-0.13523E o5 
0 o46769E 04-0o82934E 05 0o57924E 06-0.16528E Ql 0o16513E o 7 
-0o82316E 05 0ol6028E 07-0.11208E 08 0»32002E 08-0.31989E 08 
0o23091E 06-0o 45510E 07 Oo31829E 08-0«90891E 08 0<.90859E 08 
-0ol8898E 06 0 o33444e 07-0<.23391E 08 0o66797E 08-0o66774e o 8 
0oll454E 02-0 o11894E 03 0o82592E 03-0o23483e 04 0o23410E o4 
-0„80782E 03 0o14358e 05“0o10028e 06 0628614e 06-*0o28590E o6 
0<,14236E 05-0o27748e 06 Oo194o3e o 554o4e qI o«35382e 
-0o39942F 05 Oo78788e 06~Oo551o3E o'^ 0.13735e o8“Oo1373oE o8 
Oo29231E 05-0o57897e 06 Oo4o494e 07-0o11564e qS o«1136oE o8 
-0„7o372E 00 0o'73453e olr0.51^10E o2 Oo1'^3o4e 03-0o1^^80E o3 
0o49824E 02-0o 88689E 03 0o61947E 04-0ol7676E 05 0ol7661E 05 
-0 o 87881E 03 0ol7140E 05~0 c11986E o6 0o34225e o6-0.34211E 06 
0o24659E 04-0o48668E 05 Oo34o38E 06-0o97199E 06 0o97166E o 6 
-0ol8046E 04 Oo35763E 05~0o25013E 06 0o71431E 06-Oo714o7E o6 
0o 80046E 01-0o79977E 02 0o55440E 03-0ol5747E 04 Ool5688E 04 
-0,54765E 03 0 o96137E 04“0o67115E 05 0o19145e 06-0o19125e 06 
0„958455 04-0o18578e 06 0o12988E o7-Oo37o81e o7 0.37o63e Of 
-0626866E 05 Od52751e 06-0«36886E 07 0o10532e 08-0o10528e 0 
0o19655E 05-0«38764e o6 0.271o8E o7-0.774o3e oJ 0eT7372E Ql 
-0o 93149E Ol 0 c94P23e 02-,0o65172e o3 0,185108 
^,64162E 03-0c113O0E o5 Oo78885e o5-Oo225o2e o6 0o22479e O^ 
-0,11249E 05 0o21837e 06r0ol5266E 0? 0,43585 e ° 

0,315398 05-0p62003E 06 0,433558 07-0,123798 08 0,1237 E 0 

-0,23o75e 05 0o45563e o6-0,31861e 0^ 0,9o9/6e ^2256E o3 

0.38153E 01-0o38882e 02 0,26951E 03-0,76546E 03 0o76256E 0 

-0,26454E 03 0,46729E 04-0,32621E o5 0,93o52L ° 

0,46459E 04-0,90306E 05 0,63134E 06-0,18025E 07 O 0 I 8 OI 6 E 07 
-0o13028E 05 0,25641e 06-0,1793oE 0 ? 0.51194E 0T-0,51172e o7 

0.95327E 04-0,18842e 06 0o 13176E n3-n”l321lE o3 

-0.65653E 00 0,67349e o1-0,46687e oJ 0,13261e 03 0.13 E 0^ 

0,45739e 02-0,80962e o3 0,56521e 0^“0,1J123E ^ 06 

-0,80431E 03 o,15649e 05t0,10940E o6 0,31235e 06*-0,314iyE 0 

0 22559F 04-0o44432e o3 0,31o69e o8-Oo88711e 0^ 0, 8 0 

-oIi65o 6E O't O.32650E n°81932E ol*n‘.81628E ol 

23-"„>333e “„3 

oU:i 203E 05 o:59830E C3-0.54So8E 0 = 
0o 10197E 03-0.20179E 09 0.19U1E o5-0.90299E 05 0.903/»t 



75 


BoFOR SECTOR 2 


-Oo 

Oo 

-Oo 

Oo 

-Oo 

Oc 

- 0 . 

0 < 

- 0 < 

0 < 

- 0 , 

0 , 

- 0 : 

0 

-0 

0 

-0 

0 

-0 

0 

-0 

0 

-0 


40268E 

18877E 

30191E 

83598E 

,609oBE 

,44476E 

,21003E 

,33674E 

,93276E 

,67969E 

,17310E 

o81728E 

„13092E 

o36260E 

o26421E 

.28490E 

ol3420E 

„21459E 

o59418E 

„43292E 

„16889E 

o79343E 

ol2662E 


03 0 

05- 0 
06 0 

06 - 0 
06 0 

03- 0 

05 0 
06-0 

06 0 
06 

03 

04- 0< 
06 0 
06 - 0 . 
06 0 . 
02-0. 
0^ 0 
03-0 
05 0 

05- 0 
0 l 0 
02-0 

04 0 
0 4-0 
04 0 


27720E 
29920E 
56271E 
15926E 
11692E 
31310E 
,33559e 
,62983e 
, 17821E 
0ol3081E 
0 o12318E 
13096E 
■24514E 
69339E 
50892E 
20372E 
21522E 
40191F 
,11365e 
,834o3e 
,12103e 
,12726E 
,23713E 
,67033E 
,49190E 


0<.35049E 
-0„25534E 

O 086 OI 8 E 03-0o59198E 
-0o39774E 
0o63403E 
-0,17547E 


0,12783E 
-0o95269E 
O 

-0 

0 

-0 
0 


,44331E 
,70768E 
a9590E 
,1^272E 
,37165E 
-0 o17274E 
Oo27532E 
-0.76194E 
0,555o^E 


-0 

0 

0 

-p 

0 


61282E 
28396E 
45154E 
12492E 
90986E 
36382E 
0.16806E 
0.26658E 
■0o73722E 
Oo53689E 


05 Oo 

06 — 0 o 

07 Oo 
07-0c 
03 Oc 

05- 0c 

06 Oc 
07-Oc 

07 0. 

03- 0- 

05 0. 

06 - 0 . 

06 0 . 
06-0 
02 0 

04- 0 
05 0 

06-0 
05 0 

oi-o 

03 0 
04-0 

04 0 
04-0 


63032E 
11811E 
33412E 
24524E 
66937E 
7o734e 
13224E 
37397E 
27445E 
26360E 
27618E 
.51487E 
,14555E 
,10680E 
,43637e 
,45413e 
, 84441e 
,23862e 
.175o8E 
»25947E 
„26869E 
„49839E 
o 14079E 
o 10329E 


04-0el8464E 
06 0o20631E 

07— 0 o 39I08E 
08 O0II08OE 

08- 0o81370E 
0^ 0o20l0'^E 

06- 0o23121e 
07 ' 0o^3754e 
08-0c12394e 
08 0o9l0l2E 

0 4 - O 08 I 6 IIE 

06 0o90137E 

07- 0ol7022E 

07 0o48203E 
07“0o35394E 

03 0o13468E 

05- 00141028 
06 0o27896e 

07- 0o78977e 
06 0o57985e 
02-0o79884e 

04 0o87477E 
05-0o16454E 

05 0o46572E 

05- 0o34191E 
04 0o39241E 

06— 0 o433 9 1 E 

08 0o82021E 
0S-0o23229e 
08 Oo17o57e 
04-0o44253E 

06 '0o48649E 

08- 0.91788E 
08 0o25989E 
O 8 -O 0 I 908 IE 

04 0o 17375E 
06~0 o 18974E 

07 0o35718E 

O8-O0IOIIOE 

08 0o74223e 

03- 0o28697E 

05 0o31174E 
0670o58554e 
07 0o16569e 
07^o12163e 
02 0o17035E 

04— O 0 18434E 

05 0o34549E 
06-Oo97738E 

06 0«71739E 


05 0o51151E 05 

07- 0o58414E 07 
08 0o11125e 09- 
09-0e3154lE 09 

08 Oo20168H 09- 

05- 0„5 540E 05 

07 0o65429e o7-* 

08- 0o12444e o9 

09 0o35273e o9- 
08-0o25908E 09 
04 0o22530E 05- 

06- 0o25492E 07 

08 0o48397E 08- 
08-o«13715E o9 

08 0o 10073e 09- 
04-0o37127F o4 

06 0o41841e QO- 

07- 0o79297e 0^ 

07 0o22467e qB 

07- 0o16499e o8 
02 0o21999e qS 

04- 0o24719E o5 
06 0o4 764E 06- 

06- 0o13247E 07 

06 0o97274E 06- 

05- 0o10837F: 06 

07 0o12273E 08- 

08- 0o23322E 09 

09 0o66097e o9- 

09- 0o48545e o9 
05 0o12199E 06- 

07- 0.13752E 08 

08 Oc26o92e o9- 
09-0o73932E 09 

09 0o54295E 09- 

05- 0o47805E o5 
07 0.33601E 07- 

08- 0.10150E 09 
09 0o28753E 09- 
08-0o21114E 09 

04 Oo78837e o4- 

06- O.8 o20C 06 

07 0o18635e qS- 
08-0.47112e 08 

08 0.34593E 08 ' 
03-0o46748E o3 

05 Oo52o28E 05 
06-Oo98135E 06 

06 0c 27786E 07 
06-0o20400E 07 


-0<,5ol3oE 05 
0.58074E 07 
-0 o11O95E o9 
0,31467E o9 
0,23117e o7 
0„56331e o3 
Oo65o27e o7 
0„124o8e o9 
0o35185e o 9 
0o25847E 09 
-0o22029E 05 
0.25325E 07 
-0o48246E 08 
0ol3679E 09 
,10048E o9 
,36267E o4 
,41555e 08 
,79o38e o7 
,224o4e 08 
,16456e 08 
„21474e o3 
,24544E o3 
,466o 7E 06 
,132o8E 07 
,97010E 06 
,10598E 06 
„12193E 08 
,23250E 09 
,65923 e o9 
,48424e o9 
,11917E 06 
j13658e 08 
»26oo7E o9 
,73726E 09 
,54153E 09 
,46635E o5 
,53212e o7 
,1o115E o9 
,28668E o9 
,21o55e o9 
,76829E o4 
.87353E 06 
,16575e 08 
,46966e 08 
,34492e 08 
,45524E o3 
,51621E 03 
,97767E 06 
,27696E 07 
,2o339E o7 


0< 
0. 
■ 0 . 

0 . 
■Oc 
0. 
•o< 
0 . 
■ 0 . 
Oc 
-Oc 
Oc 
*0. 
0 . 
- 0 . 

Oc 

-Oc 

Oc 

-o< 
0 . 
- 0 . 
0 . 
-Oc 
Oe 
-Oc 
Oc 
Oc 
0. 
■Oc 
0< 
■ 0 . 
0. 
• 0 . 
0 1 
-0. 
0- 



76 


-■0o640l0E 

03 

ao447aSE 

0o29489E 

05- 

0o46925e 

-6o46914E 

06 

Oo87538e 

0a2980E 

07- 

0o24747E 

-0,9453aE 

06 

Oo 18159E 

0o71264E 

CO- 

0»5o7o6E 

— 0 0 3 2940E 

OS 

0o52694e 

0o52419E 

06- 

0®98043e 

-Oc143o3E 

07 

0o27707e 

0ol0i^64F: 

07- 

0®20329e 

-0,27912e 

03 

Oo 19999E 

Ool2639r 

05- 

0 0 2 0 5 9 1 c 

-0c20413f: 

06 

0«30i9lE 

0o56456F 

06- 

0oi0780E 

-0,4.' U6l: 

06 

0.79141E 

0o40l66E 

02- 

0o33152E 

-0,21173E 

04 

On33887E 

0.33307E 

0 5- 

0o62666E 

-0, 92627c 

0 5 

Oo 17695 f 

0,67447E 

05- 

Oo12979f 

-0,27474C 

oi 

0<.19736e 

0,12548e 

03- 

0o2cP 67 f 

-0,19798F 

04 

0®37oo6e 

0«547o2e 

q4- 

Oo 10445 e 

-0„39824E 

04 

0o76606E 

0o21232r. 

03- 

Oo 14924E 

-0,96099E 

04 

0=15233e 

0<,15134E 

06- 

0o28208E 

-0,4 1869 C 

06 

0o79665e 

0o30481L- 

06- 

0o38437e 

-0,2376oE 

03 

0.16931E 

0ol0758E 

0 5- 

Oo17123e 

-0,16952e 

06 

0o3i6l2E 

Qo4683oE 

06- 

0o89241e 

-0o34091E 

06 

0o65452e 

0„93469E 

02- 

Oo66938e 

-0o42090E 

04 

0o66999E 

0o66094E 

OS- 

Oo12323E 

-0o18248E 

OS 

0o34770E 

0o13282E 

06- 

■0o25497E 

-0ol5514E 

02 

0=11119E 

0o69432E 

03- 

-0oll040E 

-O0IO86IE 

OS 

0o20236E 

0,29968e 

03- 

■Oo 57069 e 

-Oo218o7E 

05 

0o41842e 

oo92577e 

00- 

-Oo663o7e 

-^,41218e 

02 

0o65461e 

o<.6^237E 

03- 

-O0II96OE 

~0.17714E 

04 

0o33713E 

0„12887E 

04- 

-0o24714E 


0^-0o29519E 

06 0«32239E 
07~0o60727E 
08 0.17190E 
08--0o12620E 
0^ 0o33327E 
06-0o36165e 

07 0o67980E 
08-0c19238e 

08 0o1A-^22e 
O"^ Oo131o3e 

06 - .0o1‘^116e 

07- 0o26464e 
08 Oo74866E 
07“0o54950E 

03 0o21667E 

03- 0«23209E 

06 0«‘^34o4e 
07-o«12275e 

07 0o90082e 

02- 0o12876e 

04 0o13735e 

05 4),25623e 

06 o,72437e 

05- 0o53155E 

04 0o97474E 

06- 0o10430E 

07 0o19536E 

07- 0o55258E 
07 0 o40556E 

04- 0o11024E 

06 0o11711E 
07-0c21880E 

07 O06I868E 
07- Oo454o2e 
q 3 0o43432e 

05- 0o45760E 
07 0 o85234E 
07-0=24o91E 
07 0o17676E 

03- 0o71952E 

05 0o75327E 

06 -0«13989E 
06 0<>39522e 

06- 0o28995e 
0l o<.4283oE 
03-! 0o44631e 
05 0c82642e 
05-0.23339E 
05 O 0I7120E 


05 0o81217e 05-0o79229e o5 

07- 0o 91072E 07 Oo9o41lE o7 

08 0o17257e 09“0.17197e o9 
09~0o48888E 09 0o48743E 09 

09 0o35900E 09-0o35800E 09 
05-0o91520E o 5 OoSgiSOE o3 

07 0= 10210L' 08~0«10132e 08 

08- o„19312e 09 0o19241e o9 
09 0o54696e 09-0o54525e o9 

09- 0o40162e o 9 no4oo44E o? 

05 0.35906e o5‘-Oo34932e o5 

07- o,39821e o7 0,39497e q1 

08 Oo75153e 08-0o74861e o 8 

08- 0o21279E 09 Oo212o8E 09 
08 0o15623e 09~0«15574e o9 

04- 0o59278E 04 Oo576o6E o4 

06 0o65438E 06~0o64882E 06 
07-o,12322e qS ncl2272E qS 
08 0o34880E 08-0c34758e qS 

07- Oo256o6E o8 0o25522e qS 
03 0o3il87E o3-Oo34168e o3 

05- o,3871oE o5 0o38371e 0^ 

06 0o72728e o6-0»72422e o^ 
0^“Oo2o38oE o7 o”^ 

06 Oo151o7e 07-0<.15055e o7 
04-0o26656E qS 0o25897E o5 

07 0o29404E 07-0o29152E o7 

08- 0o55459E o 8 o<.55231E o 8 

08 0o15701E 09-0o15646E 09 
08-0o11528E 09 0o11489E o9 

05 0o30084E 03-0o29185E o5 

07- 0o32990E o7 0632691e o7 
08 Oo62o91e 08“no6182lE 08 

08- 0.17574E 0^ Oo175o9e 0^ 
08 Oo129o1E 09-0o12856e o? 

04- 0o11824e 0^ 0o11452e 

06 O 0 I 2880 E o7-0»12756e qI 

07- 0o2 177E 08 0 o24065e o8 
08 0o68406E 08-0o68135e o 8 

08- 0o5021lE 08 0o50024E qS 

03 0o 19554E 04-0<.i8916E 04 

05- 0o21188E 06 0<.2o976E o 6 

07 0»39667e 07-0»39475e q1 
07-0.11219e 08 Oolli73E 08 
qI 0o82340E' o7-0»32o19e o7 
02-0<.11625e o3 0o11236e o^ 

04 0o12548e o3-Oo12419e O^ 

05- 0o23428e 06 Oe233.12E q 6 
06 0o66239E 06-0o65956E o 6 

06- 0o48608E 06 0o48413E o 6 



77 


Oo229o3e 

0=22563e 

0<,41342e 

■0o11658E 

0o85465e 


„0o32425e 02 
0,14341E 04- 
_0^22316E 03 
0„61520E 06- 
-0o^^'750E 05 
0,36460E 02-0o26055E 
-0o16094E 04 
^o 24997E 05- 
-0„68890E 05 
0<.50105E 05-0 
-^,14405E 02 0 
0p63l28E 03-0 
-0„97610E 04 0 o18„97e 
0,2688oE 05-0 
_0,19546E o 3 0 
p «2 994E 01-0 
-d„10438E 03 
0ol6063E 04- 
-0<.44202E 04 
0o32132E 04- 
-0ol^360E 00 
0o62l00E 01- 
-0 o95144E 02 
0,26161E 03. 

-0o1^012E 03 

0 ,18582E 0l 
-0 o 80219E 02 
0ol2294E 04 
-0 o 33805E 04 
0„24566E 04 
-O „20982E 01 
0o90231E 02 
-0 o13790E 04 0o25417e 
0o37897E 04-0o71496e 
-0 ,27535E 04 o<.52367e 
0„83224e 00-0o60072e 
-0„3548oE o2 0o55391e 
0'„53926e 03-0o99302e 
-Oo1^8o6E 0^ 0o27911E 
0o10754E 04-0o20438E 
-0»139o6E 00 0c10032e 
0o58789E 01-0.91611E 
-0o88865E 02 o»16343E 
0<,24377E 03-0o45903E 
-0 „17699E 03 0o33603E 

0o83440E-02-0o60102e 
-0o35040E 00 0C.54514E 
0<,52699E 01-0o96814e 
— 0^14443e 02 0o27173e 
0-10483e 02-0o1'5887e 


0o25403E 
■0o46373E 
0o13069E 
95796E 
10334E 
99584F 
18^97e 
50972e 
37353E 
17214E 
Oo 16441E 
0o29754E 
0o83751E 
■0o61361E 
10290E 
97678E 
17607E 
49531E 
36282E 
13233E 


0 « 
0< 
0< 
0. 
O' 
■Oo 


0o125^7e 
0o22640E 
0o63724e 
■0<.46686E 
0o15097E 
•0ol4l03E 


03- Oo1478oE 

05 0o15378e 
06-0o28564e 
07 0o80696E 

06- 0o59199E 

03 0.16756E 

05- 0o17289E 

06 0o320l6E 

07- 0o904l0E 
06 0 o66315E 
03. 0o66204E 

04 0o67669e 

06- 0 o 12484E 
0$ 0o35236e 
06- Oo2584oE 
02 0o10996E 

04- 0«11159E 

05 0.20512E 

05- 0o57862E 
05 0o42426E 
0l00o6561lE 
02 0o66240E 
04-0 o12132e 

04 Oo342o6E 

04- ;Oo25o76E 
02 0o8422lE 
04..0o84758e 

05 0«15596E 

05- 0o43998E 
05 0.32260E 
02-0o95723E 

04 0o95413E 
05-0o17493E 

05 0o49325E 
05-0o36159e 

01 0o37931e 
o3»Oc374o5e 

04 0o88276e 
05_0o19239e 

05 0ol4l00E 

Ol-O o63 157e 

02 0o61777E 
04-0.11228E 
04 0o31620E 
04-0o23169e 

-0l 0o37760E 
01-0o36727E 

02 0o66477e 
03-0o18708E 

03 Oo137o5E 


04 0o4-0090E 

06- o„43226e 
qI 0o80970E 

07- 0o22901E 
07 0o18807E 

04- 0o45343E 

06 0o48555E 
07-0o90715E 

07 o<.2 648E 
07-0o 18820E 
03 o»17868e 

05- o=18986e 
07 0o35355e 
07-0,99913e 
07 Oc733o4e 
03-0o29621E 

05 0o31285E 

06- 0o 58 o65E 

06 0o16402E 
06-0o 12032E 
0l 0. 1 50E 
03-0.18561 e 
05 0o34334e 

05- 0o9 937 e 

05 Oo71o97E 

02-0o 22628E 

04 0.23739E 

06- 0.44129E 

06 o»12467e 
91451E 
25650E 
2669&E 

06 0o4947lE 
06-0o13970E 
06 Oo1o246e 

02- 0o 1 o135E 
0^ 0o10^53c 

05- 0o19296e 
06 0o54459e 

06 - 0c39934E 

01 0o18838e 
17249E 
31719E 

05-0o 89466E 
05 0o85591E 
00-Oc10053E 

02 0o10249e 

03- 0o18773e 
• 04 0o52919e 
q4-0o38789e 


06 “ 0 < 
02 0< 
04-0' 


03-0. 
05 0 


04-0o38729e 0^^ 

06 0o4'2774e qS 

07- Oo8o362e O"^ 

08 Oo228o2E o8 

08- o<.16739E o8 
04 0o43732E o4- 

06- 0o48019E o8 

07 0o90231E 07 
08 -o«25531E o8 

08 0o18739E o8 

04- Oo172o2E o4- 

06 0o18764e o8 

07- o,35155e o'? 

07 0c99429e o'? 

o7-o.7297oE O"? 

03 0o28477E o3 

05- 0o3090^E 05 

06 0o57722E o6 
07-o«16319E o'? 

07 o»11974E 07 

02- 0.16953E o2 

04 0.18329E 0^ 
05-0o34125e 0^ 

05 0o96430E 0^ 
OS-OoVo^^^E 03 
03 0 o21715e o3 

05- no23436E 0^ 

06 Oo4-3855E o6 
07-0o12400E o7 
06 0o90993E o8 

03- 0o24569E o3 
q5 0o26336E 0^ 

06- 0o49147E O^ 
q 7 0o13891E o7 

07- 0o10192E 07 

03 no96872E o2 

05- OolO^O^E 05 

08 o8 

06 — 0o54134e 

06 Oo3971oE o6 

02- 0 el 80 '? 0 E 02 

04 0o16994E 0^ 
05-0o3l488E o5 

05 0o8'8908E o5 
05-Oo852o 6E 0^ 
Ol 0 o95848e 00 

03- 0o10093E o3 
04 0o18632e O^ 

04- 0o52579e O^^ 
04 0.38554E 



78 


CoFOR SECTOR 3 


0< 

-0< 

0 , 

- 0 , 

0 , 

- 0 , 

0 , 


-^,11647e 
0,694o4E 
.0,12429E 
,35oo3E 
.25658E 
,12500E 
,76626E 
a3820E 
,3895SE 
,28568E 
-0o47469E 
0,29561e 
-0o53510E 
0<,13o92E 
-0o11069E 
0,76537E 
-0o48127E 
0.87326E 
- Q24639E 
0<,18074E 
-^.44592E 
0„28219E 
-0.51293E 
0<,1^477E 
-0.10621E 
0o24778E 
“0 0 143o8e 
0o25544E 
-0o71911E 
0,52707E 
-0o26617E 
0o15815E 
-0o28410E 


,80049E 

,58689E 

,1o119E 

,61o51E 

,11002E 


■0o31014E 


22743E 
16333E 
99451E 
17958E 
50639E 
37138E 
95252E 
-^,5834oE 
OolOSSoE 
-0,29757E 

^o21826E 


0 

-0 

0 

-0 

0 

-0 

0 


03 
04- 
06 
06- 
06 

03- 

04 
06- 
06 
06- 
02 

04- 

05 
06 - 

06 
01 - 
03 

04- 
05 

05- 
00 
02' 

03 

04 

04 
03 

05 

06 
06 
06 
03 

05 

06 
06 
06 

03 

04 
06 
06 
06 
02 

03 

05 
05 
05 
00 
02 

04 
04 
04 


11370E 
13177E 
25290E 
71787E 
52758E 
12723E 
0ol4718E 
0o28242E 
80167E 
58917E 
49596E 
57159E 
10962 e 
31117E 
22870E 
81348E 
93462E 
17920E 
50867E 
37386E 
,47953e 
,54965e 
,10538e 
.29915e 
,21988e 
,23756e 
.27165e 
,51981E 
>14749e 
,10837E 
,266o4E 


-0=30349E 
58055E 
16472E 
12104e 
.10375e 
,11788e 
,22537e 
,63943e 
1 46 9 86 E 
,17o25E 
.19279E 
,36844E 
,1o454E 
,76816e 
.10042e 
,1134oE 
,21669e 
,61484e 
„45182e 


0 . 

0< 

0 . 

0. 

0. 

-0^ 

0- 

-O' 

0 

-0 

0 

-0 

0 

-0 

0 

0 

0 

-0 


0^-Oo7771oE 0'^ 0 o 21882 e o5-n«21678E 0^ 

06 0o91615e o6-Oo26o69e O^ Oa^SoolE 0"^ 

07 0„17646E o 8 o=5o322e o8-Oo5o26oE o 8 
07-0<.5o114E 08-0o 14295E o9 Os1428oE O? 
07-0o36836E 08 0o 10508E 09-0<,1o498E o9 

04 0=86896E 04-0o 24458E 05 0.24223E o5 

06- 0ol0231E 07 0o29l07E 07-0 o29029E 07 
07 0o19704E 08-0.56186E 08 0»56115E 08 

07- 0o55959E 08 0.15961E o9-0«15944E o9 
07 0o41133e 08-0o11734e 09 0^11122^ 09 

03- 0o33824E o4 Oo95118e o4-Oo94151e 

05 0o39714e 06-0o1^296e 0o13.264e 0~l 

07 0o76469e o'^ Oo218o2e 08-0o21773e qS 

07- 0o21717E 08-0.61938E 08 0.61867E 08 
07“0o15964E o 8 0.45534E 08-0o^5484e o 8 

02 0»55412E 03-0o15571E o4 Oo154o5E o4 

04- 0o64914E 05 0o18460E o6-Oo184o5E 06 

06 0ol2498E 07-0»35629E 07 0 c35579E q1 
06-0o35496E 07 0c10123e O 8-O0I0IIOE 08 

06 0o26093E 07-0o74419H 07 0o 74334E 07 
0l-0o32634E 02 0o91650E. 02-0 o90639E o2 

03 0o38165E 04-0o 10851E 05 odOSlSE 05 

05- 0o73486e o5 Oo2o948e o6-Oo2o918e 06 

05 0o20873e 06-0o59521e o 6 0c59447e 06 

05- 0o15344E o 6 0o 43761E o6-Oe'^37o9E 06 

04 Oo16155e 05-0o^-^348e 0 ^ 0c^^833e 

06- 0o18857e o"^ 03536o9e 0"^-0353437e 0^ 

07 0o36244E 08-0o10331E 09 0o10316E o9 

08- 0ol0290E 09 0 o29340E 09-0.293o3E 09 

08 0«>75624E 08--0o21566E 0? Oo2l54oE 0 ? 
04-0«18o 75E 05 0o507l0E 05-0o50ll6E 05 

06 0o2l062E 07-0 o59866E q1 0o59668E o7 

07- 0o40474E o 8 0o11536E o9-0»11818E 0^ 
08 0oll^5lE 09-0 o32763e o9 0c32719e 0^ 

08- 0o84453e o 8 0.24o82e o9-0.24o52e 0^ 

04 0o70382e 0^-*0«19727e qS n3l9484E qS 

06 0«81772e 08 0o23236e o7-0323155e qI 
07-Oo157o9E oS-O^^^'^^Se qS 0o^^893e o 8 
07-0o44598E o8 0.12714e o9-0«12696e o9 

07 0o32778E 08-0o93458E 08 0o93334E o 8 

03- 0oll535e' 04 0 o32304E 0^-0o31889E 0 ^ 

05 0<.13368E o6-0337977E o 6 0o37839E o 6 
06-0o 25676E 0? 0373162E o7-Oo73o37E 07 
07 0672897E o'7-Oo2o78oE o 8 o<>2o75oE o 8 
06-0<.53579E O'^ Od 275 e 08-0o15254e 08 
02 0o 67963E o2-od9o2lE 03 0«18769E o3 

04- 0d86o8E 0^ 0 o22327e 05-0<.22243e 0^ 
05 0d5098E o8-0.^3o19e 0^ od2943E 0^ 

05- o<.^287oE 08 0.12220E odOol22olE o] 
05 0o315l0E 08-0.89829E 08 0.897o1E o 6 
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-0o18597E 
0, ,.,10921E 
-0o 19550E 
0ob5053E 
-0»^0353E 
0o20110E 
-0o12091E 
0o21757E 
-0o61311E 
0.44952E 
-Oo768o5E 
0o^6737E 
-0.84299E 
0o23764E 
-0o17426E 
0o12438E 
-0,76212E 
0„13766E 
-0o38815E 
0o28465E 
-.0,72722e 
0o'^^'747E 
-r>o8090^E 
0.22817E 
-oo16734E 
0,61178E 
-0o35738E 
0,63841E 
-0,17975E 
0ol3l75E 
-0.66520E 
Oo396o2E 
-0o71067E 
no20023E 
-Oo1^68oE 

0»25515f 

-Oc15319E 

0„27543E 

-0o77624E 

0o56918E 

-0o41451E 

0<,24993E 

-0o44984E 

0,1268oE 

-0«92988e 

0o24292E 

-0o1^679E 

Oc2644oE 

-0<,74544e 

0,5467oE 


03 0o18420E 

05- 0o20887e 
06 0«39882e 

06- 0o11312E 
06 0o83113e 

03- 0o20640E 

05 0o23342e 
06“0 o 44549E 

06 0o12636e 
06-0o92837f 

02 0o80554e 

04- 0o 907 o1E 

05 0o17298e 
06-0o49060E 

06 0o36045e 

02-0.13229E 

03 0ol4840E 

05- o<>28285E 

05 0o80222e 

05-0o58939e 

00 0o73086e 
02-0.87331E 

03 Oo1664oe 

04- o»47194e 

04 0o34675e 
02-0o61261E 

04 0o68453e 

05- 0o13031E 

06 0o36952E 

06- 0o27147E 
02 0o68686e 

04- 0o76510E 

05 0o14557e 

06-0o41278e 

06 Oo3o325e 

02- 0o26833e 

04 0.29737E 

05- 0o56528e 

05 0o16028e 
05-0«11775E 

01 0o44103E 

03- 0o48663E 
04 0.92441E 
05-0o26211e 
04 o<,19257e 
00-0o26046e 

02 0o28640E 
03-o.54383e 

03 0.15420E 
03-0«11329e 


04- 0o12488e 

06 0o14486E 

07-0o27796e 
08 0o78892E 

07- 0«57975e 

04 0<.13979E 

06- 0.16183E 

07 0.31044E 

08- O088IIIE 
07 Oo6475oF 
03-0o54467e 

05 0o62851e 

07- Oo12o51e 
07 0o34203E 
07-0.25135E 
03 0=89324E 

05- oao279E 

06 O0I970IE 

06- 0o55917E 

06 Oo41o93E 
01‘“0o52663e 
03 Op6o468e 
05-0o11588e 
05 o«32891e 
05-0o24172e 
03 0o41306E 
05-0 o47393E 

07 0o90743E 

07- 0o25752E 
07 0 o18924E 
03-o,46259E 

05 0o52951e 

07-0o10135e 
07 0o28762e 

07-0o21136e 

03 Oo18o37e 
05-0o20568e 

06 0o39346e 
07-0o11166E 

07 0o82053E 

02- 0o29598E 

04 0o33640E 

05- 0o64326E 
06 0o18255E 

06- 0.13416E 
01 0o17457e 

03 - 0«19790E 

04 0o37836e 
05-:;0o10738e 

05 0o78918E 


05 0o34986e o5-Oo34546e 0^ 

07- 0o41157e o7 Oo^IQIoE o7 
08 0,792o8E 08-0o79075e o8 

08- 0o22490E 09 0.22458E 09 
08 oa 529E o9-oa65o7E 09 

05- 0o 39138E 05 Oo3863oE 05 

07 0o45971e 07-0«458o1E 07 
08-0o88455E 08 Oo883o2E o 8 

08 o=25116e 09-o»25o79E o 9 
08~oa8460E 09 o = 18434e o 9 
04 0el5234E o5-n^l5o26E 0^ 

06- oa7848E o7 oa7779E qI 
08 o«34332e o8-no34269E qS 
08“0o97483E 08 Oo9733oE 08 
08 0o71648E o8-o„71542E o 8 

03- 0o24962E 04 0®246o6E o4 

06 0o29181E 06-0o29063E qS 

07- o»5ll20E 07 no560l3E 07 

07 0o1‘'935E 08-0o 15909E 08 
07-oai713E 08 0.11694E 08 

02 0.1^706e 03-0o1^^90E o3 

04- 0o17163e o5 Oo17o91e 0^ 

08 .0o33006e 08-0<.32941e o^ 

06- o.93726e O^ 0«93568e 0^ 
06 0o68891E 08-0o68781e o6> 

04- 0ell533E 05 0oll362E o5 
06 0 o13451E 07-0o13394E q1 

07- o,25846E o8 0o25794e o8 
08 0o73380E 08-0o73255E 08 

08- 0o53932E 08 0o53845E 08 
04 0o12906e 05-0«127o8E o5 

06- 0. 15o25e ,07 0»1496oE 07 
08 0.28864E o8“Oo288o5e o8 
08-0o81951e 08 C08I806E 08 
08 0o60232e o8-no6ol32E 08 
0 ^-Oo5o263e 0^ 0<.'^9454e 

06 0£,88342e o8‘-Oe58o73E o^ 

07- 0c11203E 08 0oia79E 08 
08 0o31809e o8-0»3175oE o8 
07-0o2l380E 08 0o23339E 08 

03 0.82391E o3-Oc81009E o3 

05- 0o95391E o5 0-9493oE o5 

06 oa8314E 07-0a8272E 07 

07- 0o51999E 07 0o51898E 07 

07 Oo38221e o7-0.38151e o7 
02-0o48555e o2 0c'^7714e o2 

04 Oo561o2e 0a0o55822E 0^ 

08- 0o^ 0770E 08 oao'^'^SE ©8 

08 0o30584e o8~no3o522E 08 
05-0»22481E 08 0 o22438e o6 
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-0c92198E 01 0c92609e 02^0«61925e OoI7198e o'^-Oc 16883e 

0,52923e 03-0o1011^E o3 Oc6983oE 05-0o19787e o6 nel9682E o6 

-0<,93884e 0^ o»19142e 06-0o13312e 0o37887e o’7-Oo37792e qI 

0,26410E 05-0o54242e 06 0.37759E 07~0o10752E o8 Oo1o729E o8 

-0o19352E 05 0o39841e 06-0«27743E 07 0»79o16e o7-o<,78857E o7 

0ol0075E 02-0o10397E 03 0<>69425E 03-0ol 263E 04 0ol8899E 04 

-0o58707E 03 Ooll3llE 05-0»78058E 05 0o22112e 06“0o21991E o6 

0ol0456E 05-0o21391E 06 0ol4873E 07-0»42322E 07 0o42212E 07 

-0,29429E 05 0c60611e 06-0.42184E Ql 0ol20llE 08-0o11984e o8 
Oo21569E 05-0c44518e 06 0o30994E 07--0o88267e 07 0o88083e qI 
-Oo38812E 01 0.40697E 02-0.27114E o3 0o75125e 03-0o73634e o3 
Oo22738E 03-0o44001E 0^ Oo3o343e o5-Oo85915e o5 0o85419E 0^ 
-0„4o546e 0^ 0o83106e 05-0o57762e o^ Ool ^'33^ o^-OoI^SOSe o"^ 
0o11415e 05-0o23546e o6 0o16382e o9-o,^6636e q1 0o^6527e q1 
-Oo83672e 0^ 0o17294e o67 0p12o37e qI 0o34273e ol'-n.34198E 
0.63275E 00-0o670l0E Ol Oo4456oE 02-0o12331e o3 o«12o76E o3 
-Oo3714oE 02 0o72069e 03“0o49667e 0^ Ool 057e 05-0o13973e o5 
0.66258E 03-Oc13597e o5 0o94377E 05-0o26873e o6 0o26796E o6 
-0.18656E 04 0.38522E 05-0«26795E 06 0o76266E 06-0o76080E 06 
0o13676E 04-0c28294E 05 0<>19688E 06-0o5605lE 06 Oo55922E o6 
-Oo37186E-01 0o39639e 00-0o26318E qI 0o72759e o1-Oo9121oE Ol 
0 o21836E 01-0o42454e 02 0»29243E 03-0o82739e o3 0e82223E 03 
-Oo38966e 02 0o80036e 03-O,55597e O^ 0el5812E o5~Oo15765e o5 
Oo10973e 03-0o22674e o^ Oo15768e 05-06^'^875e o3 08^^^82e 0^ 
-no80445E 02 o«16655e 0^“0,11587e o5 0o32982e o5“0«329o4e o^ 

0«522o4E 00-0c52539e Ol 0o34766e 02-0o95900E o2 o«93717e o2 

-0o29293e 02 Oo55719e 03-0o38335e O^^ 0oi0839E 1o'?'66E 0^ 

0o51441E 03-0o10464e 05 0o72646E 05-0o20653E 06 0..2o587E o6 

-0o14450E 04. 0o29621E 05-0.2o589E 06 0o58576E 06-0o58417E 06 

0o10583E 04-0o21749E 05 Oo15123E 06-0,43o37E o6 08^2926E o6 
“0o57302E 00 0<.59089E 01-0o39035E o2 0o 10756E 03-0»1o5o3E 03 
0o32536E 02-0.62368E 03 0o42884E 04-0o12120E 05 0o12036E 05 
-Oo57322E 03 0o11699E 05-0o81195E 05 Oo23o79E 06“0o23003E 06 

0„16110E 04-0o33113E 05 0.23o10E O 6 -O 06 455e 06 Oo65271E 06 

-0„1180lE 04 0o24312e 05-0el69o2E 06 Oo^8o91e 08-0*'‘t7964E 06 

0.22170E 00-0o23188e Ol 0o15278e o2-Oo^2o24e o2 no4o989E o2 
-0o12622E 02 0«24294e o3-0<,16688E 0^ Oo^714oE 0^-no^8795E 0^ 
^.22247e 03-0*45485e o^ '0o31553e o3-0«89664e o5 Oo89352e O^ 
-0,62531e 03 o<.12872e o5-Oo8941oE 0 ^ 0o25428e o8~Oo25352e 
0o'^5809E 03-0o94502E O*^ 0o65674E o5-Oel8682E 08 Ool863oE 0 ^ 
-0o3627lE-0l 0o38271e 00-Oo2516oE qI Oc691o4e nl-^O « 87336e qI 
0,20649E 01-0«.39843e 02 0o27348E 03-0o77213e o3 ■0o'76624e o3 
-0o36385E 02 0c.74477E 03“0o51645E 04 0o 14672E 05-0o14619E 05 
Oo10227E 03-0o2l073E 04 0ol4633E 05-0o41607E 05 0o'^1^78E o5 
-Oo74928E 02 0ol547lE 0^-08l0748E 05 Oo3o570E o5“0«3o481E o5 
0o21378E~02-0o22687e-01 0o1^889e 00-0.^0848e 00 Oo39772e 00 
-0o12159E 00 Oo235o3e 01‘-0o16122e o2 Oc^SSqIE 02-0o45143e o2 
0o21416E 01-0o43874e 02 0o30415e 03-0o86390E 03 Oo86o67E o3 
-0o60199E Ol 0o12413e 03-0e86172E o3 0o24498e 0^-0824419e 0^ 
,o‘^^105e 01-0o91132e o2 o.63296e 03-0o 18000E O"^ Oo1'79^5e 



DoFOR SECTOR 4 
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-Oo28538E 02 0o38558e o3-0,26395e 0^ 0.'744oOE 0^-0 o‘?3755e 0^ 
0o20905E 0'^-0o44899e o5 0o31231e o6“0.88894e o 6 no88679E 0^ 
-0,^o27oE 05 0 o86372e o6*t).6o28lE qI 0o17193e o8-Oo17173e qS 
0„11452E 06-0o24525e qI o,17124e o8-0.^8852e qS Oo^SSqSe qQ 
-0,84235E 05 o=18o26e 07-0o12589E o8 0o35916e o8-0=35883e qS 
0o30065E 02-0o42934e o3 Oo294o5e 0^-0.829o9e O^ 0*822o7e O^ 
-0,23153E 04 0o50065e o5-0.3483oE 08 0o99146e 08-0o98912e o6 
0o44879E 05-0o 96372E 06 0o67265E 07-0 o19185E 08 0o19164E o8 
-Oo12772E 06 0o27368E 07-0o19110E qB 0o54520E 08-0o54469E o8 
0o93966E 05-0o20117E 07 Oo14o49E 08-0o40085E 08 0o400^9E o8 
-0o11255E 02 0o16688e 03-0o11419e o4 0o32181e 0^-0o31897e 0^ 
0o89478E 03-0o19419e o5 Oc135o6E 06-0o38441e o 6 no38346E 06 
-0.-17399E 05 o = 37383e o6-0,26o89e o7 0»744o7e 07-0o74321e o7 
0,49533e 05-0c10617e qI 0o74126e o7-0.21146e qS nc21126E qS 
-0o36448E.05 o = 78o42e 06-0o54498e o7 0.1 548e qS'-O . 15534e qS 
0,1795oE 01-0o27316e o2 0.1.8674E o3-0.52596e o 3 n.52113E o3 
-0,1458 oE 03 0o317r6E o4-0.22o53E o5 0o62755e o5-0.62594e o5 
0.28412E 04-o.61o68e o5 Oo42613e o6-Oo12152e o 7 0.12138E o7 
-0,809 o9E 04 0o17345e 06-Oo121o9e o7 0o34541e o7-Oo345o5e o7 

0o 59542E 04-0.12750E 06 0o89029E 06-0.2 398E '07 0o25374E o7 

-0.10369E 00 0o 16075E OlrO.lOOSlE 02 0.30911E 02-0o30617E o2 

0o 85496E 01-0.18629E 03 Ocl295oE 0^-0. 3 847 e 0^ 0.36749E 0^ 

-0«16692E 03 0.35886E 04-0.25o39E o5 0.71399E o5“0.7131oE 0^ 

0,47546E 03-0.10194e o5 0o71158E 05-0.20297e o6 Oo2o275e o6> 
-0o34994e 03 0o74941e 04'-0452322e 05 0,14926e o6-0.14911e o6 
0o60712E 02-0c75531e 03 0o51118e o4-0.143o7e o5 o.14117e 0^ 
-0,39683e o4 o=85317e o5-0.59139e 0^ o.16798e o7-o.16734e qI 
Oc7576oE 05-o,163o5e o7 '0o11361e o8-0.3237oe o8 0.32312e o8 
-0o 21522E 06 0o46250E 07-0.32248 e o8 0.91919E o8-Oo9178oE o 8 
0,15825E 06-0.33980E 07 0o23698E o8-0.67558e o8 0o67461e o 8 
-0e63347E 02 0 o84193e 03-0o56991E o4 0.159528 05-0.15742e o5 
0o43976E 04-0o 95163E 05 0o65968E 06-0.18738E 07 0.18668E 07 
-0 o 84466E 05 0.18195E 07-0ol2678E 08 0.36124E 08-0o36061E 08 
0c24011E 06-0 o51616E 07 0.35990E 08-0.10259E 09 0.10243E 09 
-0„17658E 06 0.37924E 07-0.o26449E 08 0.75402e 08-0.75295e o8 
Oo23595E 02-0o32722e o3 Oo22132e o4-0.61916e o4 o.61o79e 0^ 
-0„16995e 04 o.36912e o5 -0.25581e o6 Oo7265oe o6*-Oo72371e o6 
Oo3275oE 05-o.7o579e o6 0'*49173e o7-0.14o10E o8 o.13985e qS 
-0.93133E 05 Oc2oo23e o7rOcl396oE 0^ 0«39789 e o8-Oo39728e O® 
0o88500E 05~0o14712e qI Oo1o259e o8-0.29246e qS 0.292o3e o8 
-0o37532E 01 0.53586E 02-Oc362o6E o3 0.10123e 04-0.99814e o3 
0o27698E 03-0o60295e 04 0o41773E o5-0.11861e o6 o.HSI^E o6 
-0o 53491E 04 0oll530E 06-0.80320E 06 0.22882E 07-0 o22839E o7 
0o15215E 05~0o 32712E 06 0o22804E 07-0.64992E 07 0.648888 07 
-0 o 11192E 05 0e24036E 06^0.16760E 07 0.4 773E o7-0.‘^77olE 07 
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GHJffTBR IV 
QONCnJSIONS ' 

Rolative Ile rj.ts of tho Propossd Method Over the 
Conventional Design Methods 

The difficulty in presenting a ra'bionalised design procedure 
for a circular raft lies in the proper assesment of intensity and 
distribution of contact pressure below the slab. Due to unp3?edlc- 
table behaviour of natural soils, as well ss, the occurrence of 
different local conditions, the characteristics of the diffox-ent 
oloraent in a particular raft foundation problem are the essential 
requii’Oments for design. 

The conventional design procedures followed so. far are not 
based on any sound basis and so the designer has to be guided by some 
ill-defined rules. 

A solution of the problem has been presented ty Hanna and 
Dawood^^, in which they have treated the rafb by plate theoiy, 
assuming a uniform contact pressure distribution, Ihe settlement 
of the soil is assumed to be asysymraetric. They have assumed 
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difforGnijial sst tlsriicntj of floxiblo raft to occur due to compaction 
of clastic soil maos below the raft foundation* 

31 

Two more recent works, one by Suith and Zar and the other 
tjy Ghu and ./ifandnni^, have detailed design procedures, applying thin 
plate theory. The first of these works deals with piled and raft 
foundations for chiijimcys. This method, thou^^ a valuable contribu- 
tion to practical dcisign aspects, is not theoretically Justifiable. 
The solution is obt<iint.-d for the raft foundation by superir^iposing 
the two loading cases of axially sjrametrical ring loads and 
unifoi'mly distributed loads on slabs, simply supported along edges. 
This desif;?! procedure is valid if the load is a ring load and it is 
syim.ie tide ally pleoc.d about the vertical axis through the centre of 

the raft. and the slab is pimply supported the chimney. In 

8 

their \jork, Ghu md ifandani haiJe assuracd a linear reactive pi^ssure 
variation below tJie raft. Solutions are obtained considering this 
linoar reactive pressure as the load on the circular raft, simply 
sup.Dorted or fixed at the chimey wall. Eiey have supplied a series 
of cu-rwis for different cases considered. This design procedure is 
also valid for onlc; a ring loading case. 

6 

In a more recent vjork by Chatterjee end Ghosh ,a more 
rationalised design procedure has been arrici^ed at. But their 
design procedure is valid only for six equally spaced concentrated 
los-ds and concent-ric loading case* The design procedure described in 
the present analysis is a generalisation of this work. 
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6 

As in the-; case of Ghatterjee and Ghosh , the main merit 
of the pi'cscnt method is that it does not assume the natnire of 
contact pressure distribution. Equations are formulated eliminating 
this unknown pressure distribution from the condition of equilibria 
and compatibility of the forces and deflected shape of the plate and 
fcho sxibgrade oui'face. The contact pressure distribution is a 
function of the rigidity of the plabe and the properties of the 
pl.atc and the subgi*ade material.- This when assumed to he unifona or 
iT 5 linear veniation is hound to set a major limitation to the 
validity of any ;!u;;f-;ested method. The main advantage of the present 
method over that of Ohattei'jee and Qiosh is that this wrk is perfectly 
general and majr he used for any type of particular loading case by 
proper superposi 'tion as shown in Examples I tlirough X in the 
Chaptor III. Another advantage of the method is that all the quantities 
are non-dimensional. And so bj’' using this mo'thod solutions can be 
obtained for mj plate dimension and any type of plate and subgrade ; 
material. 

'i' • 2 Gon e -lus ions 

Eased on this t-jork involving analysis of circular elastic 
plates on elastic foundation several important conclusions can he 

drawn. These are as follows; t 

i) For a single concentrated load of a particular magnitude 

the maximum deflection is dependent on the load position and tliis 
maximum deflection becomes a minimum ^dien the load is applied at the 
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fifth radial position for sraall values of D .and at fourth radial position 
for noderato and larger values of D. The sexie phenonenon talces place 
in case of the moments also. 

ii) Very good aggronent between the experimental results and 
the results obtained by the present method is observed. 


iii) With tho help of the Polynomial Co-efficients and the 
program given in section 3.4, solution for circular plates of any 

4 

dlniension and material on any type of subgrade can be obtained for any 
typo of loading with the help of a small computer. Even desk calculators 
can be used to get 'Mie solution. 


iv) In case of Winkler type subgrade the same method of 
solution can bo obtained much more easiiy by the present method of 
solution with tho following modifications: 

= 1 for I = J and K = 1 and all other ■t(l,J,K)'s 


are zero, 


and 

modulus . 


Il; 




A, ii A 8 
s 


is replaced by the reciprocal of the subgrade 
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A PPMDIX - A 


Selection of the Proper Sign in Equations (2.16) and (2.17) 


While calculating by using equation (2.16) three cases 
v.isy arise , 

(l) The radius raay, at some point on curve become 
tsjigcntial to cuxto I. 

% 

(ii) The radius malces an acute angle -with a lino 
joining any point on curve I to the centre of the 
plate, at that point. 

(iii) Hic; radius of r^ malces an obtuse angle with a 
line joining any point on curve I to the centre of 
the plate, at that point. 

Defijaing a tin. angle XU as shorn in Pig. A1 it is seen 
that in case I (K+.5) In that case 

while integrating J d9 from 0^ to 9^^ = A - 

Tj - h ® ~ yi^-(J-.5)^' sin^ 0J and lAile integrating 


rOT;i 0 to Qrn 
CT i 


^ 

(J-.5) cos 9 + sin^ 9 j 


^1 = 


case II (^■*■•5) A ^ ^cr* ^ case 


(j~.5) cos Q “ *\y I^-(<I-«5) sin 9 




case III In case 


j. =:f^j_,5) COS B + \J 1 -(J— *5) sin 9 
1 \ 


150 


The above three cases are sho-wn in Ilg. il. 

From Fig. Al(a) = cos~^ - 

Exactly tlie same cases arise while determining ^jri £iron 
equation (g.l7), Heie the only change is that I is replaced by 
(l-l) and 0.J and 0^ a'cc^ replaced by 6^ and 0^ respective!^’' . 
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APPB^' DII B 

Dotcirainati on of Foly noin.ial E quat ions 

■While detery.rining the pol 3 mofflial equatioris it is to he 
not.ed that tho deflection of a point depends upon the co>-o:.’dinato 3 
of the point, the non-dimensional flexural i-igidity D, the Poisson’s 
Ratio of the plate matorial,y(j_ , and the position of the load. 

So a gonei'a! polynomial ijlU consist of sil the above mentioned 
vi-iriahles. So that the polynomial does not become unmanageably 
complicfcLtod different polynomials have been detcitiined for the 
tMrteen sectors. Iho polynomial equations are determined as 
described below. 

The present method gives the deflections at discrete 
points of tho pLite and the load positions also being discrete. 

The discrete points 5.n both the cases being the node points, 

■which, as pointed out earlier, arc the central point of each 
olcmont. So instead of trying to fit a least square polynomial 
it. h.-j,s been attcraptod to deteiroine a polynoaial which x-/lll give the 
exact deflection at these discrete node points. In the present 
an'2.1ysls six radial positions has been talccn. 2ius for a parti- 
culs-r D, jU. and load position the deflection is assumed as, 

5 I 

i=o 

whore r is the radial position of the element under consideration. 
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By "usiii." this equatiori. for the six different r six siEialtaneoTis 
equations are obtai.ncd. By solving these, 0*s are deternined* 

Kcxt C's are deter]d.ned for a pai'ticular D and and for 
five different load positions* Next each of these G^s are 
expressed as 



vrhero L is the load position. The B's are mnabered 1 to 30 such 

that 1 to 5 are for 0 j 6 . bo 10 for G. and so on. 

o . j. 


Noxb ouch of B's are expressed as, 

4 

B = ^ E. D 

L — s. 1 

i=o 

E's are numhored 1 to 150 in the sane fashion as B. 


Nc::rb each of E's are e: 5 q:)ressed as, 


E 


4 


= r 


i=o 



F^s 3 . 1*0 niinibor od 1 %o 750 such, htet 1 iso 5 corresponds uo 
6 to 10 corresponds to Eg and so on# 

Thus 750 co*K 3 fficients for each sector are determined# 
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JgPE 'IDIX G 


Gomnutor P ro.nya iiis 

Thero are two oonpater programs. The first one is to 
calci.il..ite thi; def.luct3.ons and moments of the various elements by 
usin;; the ■theo.retical analysis method as doscinbed in section 2.4, 

Ttuj second program is used to doteriaine the deflections of the va3nous 
elements by using- the co-efficients of the polynomial equations as 
desci'-ibed in section 5,4. 1 brief descrip-fcion of the programs is 

given bid.ov;: 

Prograni. P'OjJ. : This program as pointed out previously calciuLatos 
the deflections a:id moments for the various elements of the plate. 

Ti)e program is perfectly general in the sense that it can be used to , 
find the deflections and moments for any nmber of divisions of the , 

plate (i.e. grid size), with a few minor changes in the dimension , 

cards as will be pointed out as and when they appear. The program 
has beon divided into various subroutinc?s . The description, of each 
subroutine is given belovr. : 

MAIN Program : The main program reads the input quantities 
and calls the various subroutines. All the print statements are also | 
in this routine. 

The input quantities are D,y(x > number of sectors and 


xinniTocr of rtidial divisions 
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aibroutine GM4A : This routine caJ-culates the deflection 
co-ol ficien ts ^ for the subgrade* In this program the first 

and third integrals of equation (2.25) are calculated by numerical 
intcjgration using Simpson’s Rale. 

The input quantities in this program are the total number of 
sectors, number of radial divisions, number of sectors for -which 
(I,J,K) nood to be calculated by using synmetry. 

Subroutine TMINV ; This subroutine is used to find out in 
■which quadrants the angles 6g, 6^, 6^ in equation (2.25) lies. 

This is needed because while calculating an angle from its tangent 
the computer gives the value in only two quadrants depending upon 
the sign of the tangent. 

The input quantities are the numerator and denominator of 
the tangent. i 

Subroutine CHECK : This subroutine is used to get the prope3E 
sign of the parts under radical sign in equations (2.16) and (2.17) tg 
using the method as described in Appexdix A, 

The input quantities are the radial positions of the two I 
elements for which "9(1,1,10 is being calcula.ted and the difference i 
in their angle K. . 

Subroutine SniPSN : This subroutine is used to calculate th 
first and the third integrals in equations (2.25) "by using Simpson’s^ 
Rule of numerical integration ixsing 50 divisions. i 
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The input quantities are the limits of the integration. Ihe 
function to bo integrated is defined inside the routine. 

Subroutine MATGEK' : This subroutine generates the co-efficient 
natrix. first it calculates the co-efficients for all the elements 
and bhon group then together. In this routine the dimension of Q will 
bo the total number of elemonts including the imaginer 7 elcaaents. 

Tlrio input quantities are number of sectors 

and nmibur of rai,ial division. 

Subroutine MATIKV ; This subroutine inverts the co-efficient 

25 

matrix by using pivotal method of Gauss-Jordan . The inverse of the 
natrix is stored in the monory in the place of the matrix and the 
original matrix is destroyed. In this routine the dicisnsions for 
PITOT and IPITOT and the first dimension for lE'DEX will be equal to the 
total nuruber of elements for which the deflection has to be calculated, 
including the imaginaiy elements. 

T1.0 input to this routine is the co-efficient matrix and the 
order of the matrix. 

Subroutine DFLGTN ; This subroutine calculates the deflections 
of the voJious elements. In this routine the proper dimensions for 
has to be given in GAM and the dimension of BG, the vecto 
on the right hand side of the set of simultaneous equations, is equal 
to the number of elements for which deflection has to he calculated. 

The input quantities are the inverted co-efficient matrix, 

■9 (I, J,K), number of sectors, number of radial divisions, 
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for which deflection is to he calculated, including 
the inagintuy clcrionts. 

Subroutine MOMMi ; This subroutine calculates the non- 
diraonfjional iTDiacnts Mjp frora the non-dimensional diflections w. 

Iho inpuL' quaniiities arc- the deflections, the total ntraiber 
of socbori'j rjid radial divisions, total number of slsments for which 

M is to bo culculotod and the total number of elements for which 
dofloction has boon calculated. 

Subroutine MOMfT t This subroutine calculates the non- 
dinonoional nomento from the- non-dimensional deflections w. 

* 

The input quantities are the same as routine MOMI'fil, 

Program No. 2 : As pointed out earlier this program is used to 
calculate tho deflections of the various elements by using the 
polynomial equations. The method used in this program is nothing 
but just the inverse of the method used to determine the polyncmiial 
equations as described in Appendix B. Hero the co-efficient Fs 
for the p.:irticular sector is given as an input quantity. The 
prograta :Cirst calculates the co-efficients E’s. After that it 
calculatos tho co-efficients B's and finally the co-efficients O^s. 

Prom G*s it calciilates the deflections w’s. 

The input quantities are D , ^ , the proper set of F, the radial 
position of tho paiticula.r element, the position of the load. 

A listing of both the programs is given in the next few pages . 
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COMPUTER PROGRAM NOo 1 


bftc main 

integer radial 

REAL MR 
REAL Mt 

DIMENSION MT('7a) ,MR{78) 

DIMENSION RADIAL(8) 

DIMENSION C( ,GAM( lO s 6 , 2A ) , RC ( 1 04 ) , w ( In^ ) 

Dimension 0(i92) 


■05 

■06 
■ 08 
hio 

’Or, 

.08 

hlA 

h8 

^17 

fl5 

fl6 

)3 

^04 

fl2 


-Ye -::■■ ■-;;- ^ -jc y- ■;; -;«■ -sir -x -;f -x ■;;■ ■);■ ■;:• * ■«■ « -x- -!;■ y ■,<r Y- -x- it ■;«■ 

ni=total no of sectors 

N2=TOTAL NO OF RADIAL DIVISIONS 


Y<r Y- ■X- ■it it ■it Xf it ■it X- -it X X X X X X X X X X X X X X X X X X X X X X X X ■!( 


N3-NO OF ShCTOP>S FOR WHICH CALCULA\TIONS OF NEEDED 

N4=M0 OF SECTORS FOR WHICH CALCULATION OF W IS NEEDED 
N5 = N2-l-2 


N6 = NI5»N4 

N7=N0 OF elements 
N8---N0 OF elements 
DI3'-=D 
AMI.i=A' 

'jc •)( X ■)( X- Lv- -X' r- X 


FOR WHICH MR AND MT IS TO BE CALCULATED 
FOR WHICH DEFLECTION IS TO CALCULATED 


• X- -)(• X: ')f -X X* X' X- X- X' ^ X^ X- X- Ye Ye Yr X- X X- X- X- X- X- X- X X X X- X- X X X X X X X 7X X X- X X X 


FO-MATlSOXsi^ANALYSlS FOR LOAD AT RADIAL POSITION NO =*,I2,/50X, 

1 Af) ( 1 H— ) ) 

FORMAT ( //////////62X,*THE DEFLECTHONS ARE^^ , /62X , 19 ( IH- ) ) 

FORMAT { //////////62X ,»M0MENTS MRHO ARE* > /62X s 19 ( 1H- ) ) 

FORMAT ( //////////62X 5 ^MOMENTS MTHETA AR E* , / 62x s 1 9 ( IH- ) ) 
format (16X, 102 ( 1H-) ! 

FORMAT { 7 X !, 8 ( 2X i *POS I T I0N = * , I 2 , 2x ) 5 
F0RMAT(1X,6|:13„6) 

F 0 R M A T ( 7 X , "■ S E C T 0 13 , I 3 , 1 X » 8 E ^ 4 o 7 ) 

format ( 24 X , ^MOMENT MTHETA* } 

F0RMAT(20X.18( 1H-) ) 

F0RMAT{23X.34(1H-) t/23Xj*FOR LOAD AT RADIAL POSITION NO=*,l3,/23x 
134( 1H-) ) 
format ( 1H1 ) 

F0RMAT(////48X»*ANALYSIS FOR DB=* , F 6 o3 , *AND MU=* , F 6 o 3 , /48X , 3'^ ( IH*- 
1 ) 

format ( 2 0X !>■" DB= "-sFSoS , ■!tMU = * 5 F 6 o3 ) 

FORMAT (2F5„ 2 ) 

READ2 ,dB sAMU 
PRlNT4n3 
PRINT4 04 ,[)F-i,AMU 
PRlNT4n3 

CALL GaMMA{6,13,10»24,gAM) 
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DO 1 J=l,6 
DO 1 1=1,8 
DO 1 K=14,24 
IK=26-K 

GAM( I ,J,K)=GAM( I ,0, IK) 

1 CONTINUE 

CALL MATGEN ( 6 ,8 » 1 3 , 2 4 , 1 OA , GAM , C , DB , AMU ) 
Call matinv(c,io4,io4) 

11=1 

I\/=l 

DO 111 L=l,8 
RADTAL(L)=L 

111 continue 

DO 43 TJKL=1,6 
PRINT403 , I T 

Call dflctn(c,gam56,13,io4,8,w) 
do 106 J=l,6 

do 106 M=l5l3 

JN= ( J-1 ) «-13 + N 
Nj=(N-l)-!;-6 + J 
BC(NJ)=W(JM) 

106 CONTINUE 
PRlNT4n6 
PRINT300 

PRlNTloa , (RADIAL! L) ,L = 1,8 ) 

PR I NT 30 0 
JJ = 1 

Do 46 K = 1,13 
JjJ = JJ+7 
KK=JJJ~2 

PRINT48,K, (BC (KL) ,KL = JJ,KK) 

PRINTSon 
Jj = JJ+8 
46 CONTINUE 
PRINT40 3 

Call MOMMR I W , 6 , l 3 , 104 , 78 , MR ) 

DO 424 J=l,6 
DO 424 N=1,13 
JN= ( J-l ) -"'IS + N 
NJ=(N-1 + J 

BCM(MJ)=MR( JN) 

424 CONTINUE 
PRINT408 
PRINTSnO 
PRINT300 
JJ = 1 

DO 426 K=1,13 
JjJ=JJ+5 

PRINT48,K, (BCM( KL ) ,KL=JJ,JJJ) 

PRINT3nO 
JJ = JJ+6 
426 CONTINUE 



PRINT403 

Call mommt(w,6,i3,ioa,78,mt) 

DO ^25 J=l,6 
DO L25 N=l,13 
JN=( J--1)^J-13+N 
NJ=(N-1)^"6+J 
BCM(NJ)=MT( JN) 

A25 CONTINUE 
PRIMT410 
PRINT300 

PR I NT 108, (RADIAL (L) ,L = 1,8) 

BR I NT 3 00 
PRiNTBnO 
JJ = 1 

DO 427 L=1,13 
JjJ = JJ+3 

PRINT48,K, (BCM(KL) ,KL = JJ,JJJ) 
PRINT300 
Jj=JJ+6 
427 CONTINUE 
PRINT4n3 
I I = I I + l 
43 CONTINUE 
STOP 

end 


TIB+TC SUBl 

subroutine TANINV(A,B,C) 
PI=4,*aTAN( 1 = ) 
iF(BoEOooO) GO TO 1 
C=ATAN(ABS( A/R) ) 

IF (A) 2,3,3 

3 IFIH) A, 5, 5 

5 GO TO 6 

4 C=PI-C 
60 TO 6 

2 I F ( P. ) 7 , 8 , a 
8 C = -C 

GO TO 6 
7 C=PI+C 

GO TO 6 

1 ■ IF{AoGr«oO)C=PI/2= 

IF(AcLTo oO)C = 3o*PI/2„ 

6 RETURN 
END 



ibftc gamma 

subroutine gamma (N 2,N4,N5 ,Nl,GAM) 

DIMENSION GAM(N5,N2,N1) 

Pi =4 o^''-ATAN(1o ) 

AL=2o-s^PI /FLOAKNl ) 

DO 1 1=1 »N2 
DO 1 J=1,N2 
DO 1 K=1,N4 
A = Fl.OAT( I ) 

FI=A 

B=FLOAT( J)-o5 
Z=FLOAT(I)-lo 
D = FL0AT( 

AA = A*SiN ( (D“*o5) :'^AL) 

BB = B*-A^!-COS( (D“o5)^^AL) 

CC = Z^^SlN ( (D-o5)-;!-AL) 

DD = B-Z*COS( (D-oSj^^AL) 

EE=A*SlN( (D+ o5)*AL) 

FF = B-A-;;-COS( (D+o5)*AL) 

GG = Z-'*-SlM ( (D+o5)-:;-al) 

HH = B-Z^K;0S( (D+,5)-x-AL) 
call TaNINV( AA»DB,TS) 
call TaNINV{CC»DD»TV) 
call TaNINV( EEjFFjTT) 

Call taninv(gg!>hh,,tu) 

E(G5T1,T2)=AL0G(TAN( ( G*AL+T1) /2o ) /tan ( (G-!fAL+T2)/2o) ) 

AD = D+c.5 

AE=D-o5 

Call chfck(xa,tt,ts,a,BsFi »d) 
call CHECK(XC9TV»TU,Z9B9FI sD) 

XB= ( B/ { A-oS ) ) *SIN( (D+o5 )^-^AL)-^E( AD^TTsTU) 
XD=(B/(A“c,5) )*5IN( (D“o5)*AL)*E(AE9TV9TS) 

GAM( I 9jjK)=XA+XB+XC+XD 

1 continue 

RETURN 

END 
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SIBFTC matgen 

subroutine matgen {N2,N5,N3,N1,N6, gam, C,DB, AMU) 

DIMENSION C(N6,N6) ,gAM(N5,n2,N1) 

DIMENSION Q( 192) 

DO 10 J=1,N2 
DO 10 N=1,N3 
DO 18 1 = 1, N5 
DO 18 I\/ = 1,N1 

K=INT{ABS(FL0AT( IV)-FLOAT(N) )+l, ) 

K1=K-1 
I'^2 = K-2 

IF{KoEQol) GO TO 13 
GO TO 14 

13 K1=N1 
K2=Nl^l 

14 IF{KoEQo2) K2=N1 
K6=K+1 

IF{K6oGToN1) K6=K6-N1 
K7=K+2 

IF(K7oGToN1) K7=K7-N1 
16 JN = ( J-1)^^N3 + N 
I IV=( 1^1 )*N1+N 
F=FLOAT( I ) 

C3=(F-o5)*(6o+6„/( ( (F-o5) -k-^A) *{ AL**4 ) ) +8, / ( ( (F“o5 )**2 ) ■»( AL**2 ) ) - 
l8„/( ( (F-®5)-5f^4)*(AL^;-*2) )+2o/( ( F-o 5 ) -!^^;-2 ) ) 

C4=(F + „5 )«-(~4o-4,/{ { (F + o5 )**2)^f-{AL*-J^2) ) +2 o / { F+ o5 ) -2 , / { ( ( F+c 5 ) **3*) 
l(AL'!^^f2) )“!,/( (F+o5)*^f 2 )“lo/(2o*( (F+o5)*^^3) ) ) 
C5=(F^:1o5)-x-(1„-1„/(F+1o5) ) 

C8={F-„5 )^M lo/( ( ( F-oS)**^)*^ AL«-*4) ) ) 

C9= ( F-o5 ) *(-4„ / ( ( (F-o5 )^'-*4)*( AL*«-4) )“4o / ( ( { F",, 5 ) *^2 ) * ( aL**2 ) ) + 
l4„/{ ( (F-o5)*')frA)^^(AL**2) ) ) 

C12=(F+<.5)-j«-{2»/( ( (F+o 5 )**2)*{AL*^f2) )+!„/(( ( F+o 5 ) ^f-*3 ) * ( AL**2 ) ) ) 

IF( KEQol) GO TO U 

C2=(F-1o 5 )*{-4o“4„/ f ( (F-1 o5)*AL)**2)-2„/(F“1c,5)+2o/( ( (F-lo5)**3 )** 

1 (AL^Hf'Z ) )“lo / ( (F“l o5 )**2)+lo/(2o*( (F“lo5)**3 ) ) ) 

C6= ( F-1o5 )^!-{ ?.<,/ { ( (F“‘1o5)*AL)**2)“1o/ ( ( ( F-1 o 5 ) •):-*3 ) * ( AL**2 > ) ) 

IF ( I oEQo2) go to 12 
C I •- ( F— 2 0 5 )•)*■( 1 0 4- 1 o / ( F‘“2 o 5 ) ) 

Q ( I IV ) = ( C1*GAM( I-2,J ,K)+C2*(GAM( I-IjJjK) )+C3*GAM( I ,J,K)+C4*GAM 
K 1 + 1 , J ,K )+C5^f-6AM( I + 2,J,K)+C6-»(GAM(I*“1,J,K6)+GAM(I*-1,J,K1) )+C8* 

2 (GAM( I ,J ,K7 ) +GAM( I >J ,K2) )+C9iMGAM( I ,J:.KS)+GAM( I ,J,Kl) )+C12*(GAM 
S(I + 1 ,^J,KS)+gAM(I + 1,J,K1) ) j'^DB 

GO TO 1'8 

12 C1=(1o-1=/(F“1o5) )*(F-1o5) 

K3=K+12 

IF(K3oGToN1) K3=K3-N1 

Q ( I IV ) = ( C1*GAM( I-l, J ,K3) +C2^GAM( I-l , J,K)+C3*GAM(T 9 J >K)+C4*GAM 
1(1 + 1 , J ,K )+C5->tGAM( 1 + 2 , J ,K) +C6* (GAM ( I“1 s J ,K6 ) +GAM ( I“1 , J , K1 ) )+C8* 
2(GAM( I ,J»K7)+GAM( l9J>K2) )+C9*(GAM( I ,J9K6)+GAM( I,J,K1) )+C124^{GAM 
3( I+l ,J ,K6 )+GAM( I+1,J ,Kl) ) )*DB 
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GO TO 18 

1 Cl= ( F + o5 )^5-( 1 0-1 0 / {F + o5 ) ) 

C2 = (F-oS ( (F-o5 )-«-AL)**2 )+2o / (F-o5)-2o / ( ( (F-ob)**3)* 

1 ( AL-x-*2) )“1o/ ( (F-o5) *^2 )-lo/(2o*( ( F-o5)**3) ) ) 

C6=(F-,5 )*(2o/( ( (F-o5)*AL)**2)+1o/( ( ( F- = 5 ) *-»3 ) * ( AL**2 J ) ) 

K3=K+12 

IF(K3oGToN1) !<;3=K3-N1 
K. A " K.+ 1 1 

IP(KAoGToNI) K4=K4-N1 
K5=i<4-13 

IF{K5«GToN1) K5=K5-N1 

Q ( I I V ) = ( Cl-x-GAM( I + l 5 J »K3 ) +C2*GAM( I ? J » K3 ) +C3*GAM ( I » J » K ) +C4*GAM 
1 ( I + l , J 5 K )+C5*GAM ( 1+2, J ,K )+C 6 -x-{GAM ( I jJ sK4)+GAM{ I , J sK5) )+C 8 * 
2(6AM( I 5K7)+GAM( I »JjK2) )+C9^^(GAM( I »J?K 6 )+GAM( I ,J,K1) )+Cl2*(GAM 
3 ( I + l 9 J . )+GA[vl( I+l 9 JsKl ) ) )*DB 
18 CONTINUE 


* * -jf + x * ‘X- •5!- -x -X- + -js- x- 


-X ** + *#*+** -x- -X- * -K-X * -X- ***** -X- -X- * -X- * + -J*- -X- ******* 


GROUPING OF the COEFFICIENTS 

This paft of the program has 

* -X- * * *■ -x * X- * * -x -x- * ■»! -X x- * ^ -)(• * * * * * * * 


TO BE CHANGED ACCORDING TO THE PROBMM 
***** * ********************************* * 


DO 5000 I = li) 

DO 5000 iv=ia3 

IV1=26-I V 
I IV- ( I-l )*13 + TV 
I IV1= ( I~1 )*24+I VI 
I IV2= ( T-1 )'X2A + IV 

IF( IVoFOoloORoIV.FQaS) GOTO 5ool 
C(JN,ITV)=Q( IIV2)+Q(IIV1) 

GO TO 114 

5001 C(JN,IIV)=Q( ITV2) 

114 IF(JNvFO»TlV) C( JN9lIV)=C(JN,IIV)+lo 

5oOo continue 

10 CONTINUE 

A=FLOAT ( N2 ) 

NA = N2 
N7=N2+1 
DO 21 N=i»N3 
DO 21 J = N7<,Mi'> 

JN=( J~1 )'XN3 + N 
IV = N 

I IVl-MNA-t 1) XN3+TV 
I iv2 = Na'X N3 + TV*-1 
I iv3=Na*N3+TV 
I IV4=Na*N3+tV+ 1 
I IV5= ( NA-1 ) ■X N3+ I V 
I IV6= ( NA-1 ) xiri* IV + 1 

I IV 7- ( NA-‘2 ) *N3+IV 
IIV8=(MA“11XN3+IV-1 
lF(JoE0oN5) GO TO 24 

I I Vl= ( NA+ 1 1 *13+ IV 
I IV2 =Na*1-3+IV“1 

I IV3=:Na*13+IV 
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I IV4=NA*13+IV+1 
I IV5= {NA*-1)^^13+IV 
I IV6= (NA-*1)*13+IV+1 
I IV7= (NA-2)*13+IV 
I IV8= (NA‘-1)*13+IV-1 
IF(JoEQo8) GO TO 2A 
C( JN,I IV1)=«5 

C ( JN » I tV5 ) =“o5“AMU/A~AMU/ { ( A*AL) **2 ) 

C( JN,IiV7)=o5 

C ( JN» I IV3 )=-o5+AMU/A‘-AMU/ { (A*AL)**2 ) 

IF( IVoEQolS) GO TO 22 

IF ( IVoEQoI ) GO TO 23 

C( JN» I IV2)=AMU/ (2o^( { A-;^AL)**2) ) 

C( JN,IIVA)=C{ JN,IIV2) 

C(JN,IIV6)=C{JN,IIV2) 

C( JN,IIV8)=C(JN,IIV2) 

GO TO 21 

22 C( JN,IIV8)=AMU/( (A*AL)^^*2) 

C( JN,IIV2)=AMU/( (A*AL)**2) 

GO TO 21 

23 C(JN,IiV6}=AMU/C (A*AL)**2) 

C( JN»T IV4)=CUJN,I IV6) 

GO TO 21 

24 C(JN9llVl)=lo+lo/(2o^fA) 

C( JN, I lV3)=-3o-lo/(2o^«-A)-lo/(A**2)“2o*(2o-AMU)/( (A*AL)**2) 
l+(3o-AMU)/( (A*^^3)*(AL**2) ) 

C( JN» IlV5)=3o*-l,/{2o^^A)+lo/(A**2)+2o*(2c.“AMU)/( {A*AL)^^2) 
1+(3«-AMU) /{ (A4^s-3)*(AL4*2) ) 

C( JN,IlV7)=-le + l./(2„i^A) 

IF( IVoEQo13) go to 25 

C( JN» I IV4) = (2o-AMU) / ( (A^AL)*-:«-2)-( 3o-AMU) /(2,*( A**3)*(AL**2) ) 
C( JN»I lV6)=‘-(2o‘-AMU)/( (A*AL)!He2)-{3o“AMU)/(2o*(A**3)*(AL**2) ) 
IFdVoEQol) GO TO 26 
C( JN, I IV2)=C( JN,I IV4) 

C(JN>IIV8)=C(JN,IIV65 
GO TO 21 

26 C(JN,IIV6)=C(JN,IIV6)*2o 
C(JN»IIV 4)=C( JNsIlV4)«-2o 

GO TO 21 

25 C ( JNi. I lV2 ) = ( 2o-AMU) / ( ( A*AL ) **2 ) “ ( 3 o-AMU) / ( 2 A**3 ) *.( AL**2 ) ) 

C ( JN> I IV8 ) =“( 2p-AMU) / ( ( A*AL)**2)-( 3o-AMU)/ ( 2o*{ A**3)*(AL**2 ) ) 
C( JNd IV2)=C( JN,I IV2)*2, 

C(JN,IlV8)=c(JN,IlV8)*2o 
21 CONTINUE 
RETURN 
END 
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bibftc matinv 

subroutine MATINVCAsNjNN) 

DIMENSION AdNN^NN) , PIVOT (104) , I P I VOT ( lo4) , i NDEX { 104 ,2 ) 
equivalence ( IROW ,D1 s JROW ) 5 ( I COLUM s D2 ? JCOLUM ) , ( AMAX <« T , SWAP ) 
IF ( N-2 ) 11,12,15 

11 A( N,N)=loO/A( N,N) 

RETURN 

12 D1=A( 1,1 )*A(2,2)-A(1,2)*A{2,i) 

D2=A( 1,1 ) 

A ( 1 , 1 ) =A ( 2,2 ) /D1 

A(2,2)=D2/D1 

A(2,1)=-A(2,1)/D1 

A(1,2)=-A(1,2)/d1 

RETURN 

INITIALIZATION 

13 DO 20 J=1,N 
20 IPIVOT(J)=0 

DO 550 1=1, N 

SEARCH FOR PIVOT ELEMENT 
AMAX= oO 
DO 105 J=1,N 

IF ( IPIV0T( J)«l ) 60,105,60 
60 DO loO K=1,N 

IF ( IPIVOT(K)-I) 80,100,740 
80 IF ( AbS(AMAX)-'ABS{A(J,K,) ) ) 85,100,100 
85 IROW=J 
IC0LUM=K 
AMAX=A( J,K) 

100 CONTINUE 
105 CONTINUE 

IPIVOT( IC0LUM) = IPIV0T( IC0LUM)+-1 

interchange rows to put pivot ELEMENT ON DIAGONAL 
IF ( IROW-ICOLUM) 150,260,15 0 
150 DO 200 L=1,N 
SWAP=A{IR0W,L) 

A( TR0W,L)=A( IC0LUM,L) 

200 A( IC0L|JM,L)=SWAP 
260 INDEX! I , 1) =IR0W 
INDEX! I ,2)=IC0LUM 

Pivot i i )=a( icolum,icolum) 

C** DIVIDE PIVOT ROW BY PIVOT ELEMENT 
A( ICOLUM, TC0LUM)=1 *0 
• DO 350 L=1,N 

350 A( ICOLUM, L)=A (I C0LUM,L) /PIVOT (I ) 

REDUCE NON-PIVOT ROWS 
380 DO 550 Ll=l,N 

IF ! Ll-ICOLUM ) 400,550,400 
400 T=A(L1 , ICOLUM) 

A(L1 ,ICOLuM)=0c.0 



DO 450 L=1,N 

450 A(Ll9L)=A(Ll9L)-A( ICOLUM,L)*T 
550 CONTINUE 

interchange COLUMN 
DO 710 1=1, N 
L = N-I +1 

IF ( INDEX (L,l) - INDEX(L,2) ) 63o,71o,63o 
630 JR0W=INDEX(L,1) 

JC0LUM=INDEX(L,2) 

DO 705 K=1,N 
SWAP = A(K, JROW) 

A(K,JROW)=A(l<,JCOLUM) 

705 A{K,JCOLUM)=$WAP 
710 CONTINUE 
740 RETURN 
END 


ibftc check 

SUBROUTINE CHECK ( 6 , A , B ,C , D , F I , F ) 
PI =4o^«'ATAN( 1 0 ) 

AL=PI/12o 


1 


2 

3 


4 


E = C/D 

IF(EoLFolo ) GO TO 1 


INDEX=1 
GO TO 2 
PSCR=ARCOS( E) 

PS1=( F+<.5 )^^AL 
PS2=(F-c.5)^f-AL 

IF (PSloGToPSCRoANDoABS (PS2) oLT oPSCR) 
IF(PSloLEoPSCR) INDEX=-1 
IF(ABS(PS2) oGEoPSCR) INDEX=1 
Call simpsn(G,a ,b,c,d,fi , index) 

GO TO 4 
TCR=ARSIN(E) 


INDEX = 1 ,, ,, 

call StMPSN(G2,TCR5B,C,D,FI ,INDEX) 

INDEX=-1 

call StMPSN(G1»A»TCR»C,D,FI » INDEX) 

G=Gl+G2 

RETURN 

END 


GO TO 3 
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;IBFTC SIMPsN 

subroutine si MPSN (G, A,B 9C >D»FI > INDEX) 

IF{A«EQoB) GO TO 3 
Y=(D/C)**2 

F ( T ) =FLOAT (I NDEX ) ^^SQRT ( lo -Y* ( SIN ( T ) ) ) 

DIV=50„ 

H=(B-A)/DIV 
X = A 

N=lNT(DlV/2o ) 

SUM=0o 
DO 2 I=1,N 

SUM = SUM+(H/3o )*(F(X)+A,*F(X+II)+F(X+2 o*H) ) 
X=X+2o*H 

2 CONTINUE 

G = C-5^SU M/ (Fl-o5)+D^HSIN (B)“SIN( A) ) / (FI-c,5) 
GO TO A 

3 G=0o 

A RETURN 

END 


IBFTC MOMMR 

subroutine MOMMR (W>N2,N3,N8jN7, MR) 
REAL Mr 

DlMENSlONMR(N7) 5W(N8) 

DO AOl IV=1,N3 
DO AOl I=1»N2 


A02 


AOI 


IV1=IV-1 

IF(IVoEQol) IVl=2 
IV2=IV+1 

IF ( IVoEQoNS) IV2=N3“1 
1 17= ( I-l )*N3+IV 
I IV1=I*13+IV 
IIV2=(i-2)i^N3 + IV 
I IV3= ( i-l )*N3+I Vl 
I ivA= ( I-l )*N3 + IV2 
FI=FLOaT ( I )“ 

MRn;v? = -DB»'lW(nVlHll. + AMU/12o*FI)H-WinV)«l-2.-2.*AMU/l(FI*AL)) 
l«2n!i(ir2)*!”-AMU;i2,*FIl. + (WinV3)rt(IIV4,|.AMU/((FI*AL)«2,> 

GO TO AOl 

IV3=IV+12 ^ • 

IF ( IV3„GToN 3 ) I V3=N3-{ IV3-N3i 

CONTINUE 

RETURN 

END 



148 


4 


IBFTC MOMMt 

subroutine M0MMT(W,N2,N3,N8,N7,MT) 

REAL Mt 

DIMENSION MT(N7) ,W(N8) 

DO Aol IV=1 jN 3 
DO AOl 1=1, N2 
IV1=IV-1 

IF(IVoEOol) IVl=2 
IV2=IV+1 

IFdVoEOoNS) iv 2 = N3-1 
I IV= ( I-l ) ^^N3 + IV 

1 1 vi = na3+iv 
I IV2= ( 1-2 )^s-N 3 + IV 
I IV3= ( I-' )*N3+IV1 
I I V4= ( l-i )*N3 + IV2 
FI=FLOaT( I )- c5 
IFd.EQoiy GO TO 402 

MT ( I I V) = -DB* ( W { I IVl )* ( 1 o / ( 2o^FI ) +AMU ) +W ( 1 1 V ) * { -2 „ / ( (Fl*AL)^^*2)-2.* 
1AMU)+W( I IV2 )^M-1 o/(2o*FI )+AMU) + ( W( I I V3 ) +W ( I I V4 ) ) / ( < FI*AL)**2) ) 

GO TO 401 
tQ2 IV3=IV+12 

IF(IV3,gT„N3) iv3=N3-( IV3-N3) 

I IV5= ( i-l )^^N3+I V3 

MT( I IV)=-DB*(W( IIV1)*(1<,/(2o*FI)+AMU)+W(IIV)*(-2„/( ( F I*AL ) *^*-2 ) -2 
1AmU)+W( I I V5 )-iM-l o/ (2o*FI ) +AM U) + ( W ( I I V3 ) +W ( I IV4) ) / ( (FI*AL)**2) ) 

•01 continue 

RETURN 

EN.D 


BFTC DFLCTN 

Subroutine dflctn (C,gam,n2 ,n3 ,n6 ,n5 ,w) 
Dimension gam(1o,8,24) 

Dimension bc(13o) 

Dimension c(N6,n6) ,w(N6) 

DO 42 U=1,N2 
DO 42 N=l9N3 
JN= ( J-1 ) ^^N3 + N 

K=INT(ABS(FL0AT( IV)“FL0AT(N) )+1o ) 
BC(JN)=GAM( II ,U,K) 

2 CONTINUE 

Do 44 U=1»N2 
DO 44 N=1,N3 
JN=(U-1)*N3 + N 
W{UN) = Oo 
DO 44 M=1,N6 

W(UN) =W( JN)+C(UN,M)*BC(M) 

A CONTINUE 
RETURN 
END 


•» w» •> 

id 
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COMPUTER program NOo 2 


r=radial position 

ISEC=SECT0R NOo 
LP=LOAD POSITION 

DIMENSION F(750)sE(150),D{30),C(6)5W(7) 

1 ' FORMAT! U) 

3 FORMAT(l2) 

4 FORMAT! 10X?5El2o5i 

2 FORMAT !2F5e 2) 

16 FORMAT ( //20XT2F5o2) 

100 FORMAT!F5o2) 

READlOOsR 

READ1,LP 

READS , ISEC 

READA, !F ( I ) ,1=1,750) 

READ2 sDBs AMU 
PR I NT 16, DB, AMU 
DO 5 1=1,150 

E ( I )=0o 

DO 5 L=l,5 
K = L-1 

I J=! I-l)^«-5 + L 

El I) =E{ I )+F! I J)-iM AMU^h^K) 

5 CONTINUE 

DO 6 1=1,30 
D(I )=Oo 
DO 6 J=l,5 
K = J-1 

I J= ( I U ) *5+J 

D( I )=D( I )+E:( IJ)*(DB**K) 

5 CONTINUE 

A=FL0AT ( LP) 

DO 7 1=1,6 
ClI) = Oo 
DO 7 J=l,5 
I J= ( I-l ) ”-5+0 
K = J-1 

C! I )=C! I )+D(I J )^M A**K ) 

1 CONTINUE 

W ! I ) = 0 „ 

DO « J=l,6 
K = J-1 

W ( I ) = W ! I ) 4-C { J ) R**K ) 

PRINTIO 
PR. INTO, I SEC 

5 format !/ /55X ,*FOH elements IN SECTOR-* , 1 2 , / / ) 

LO FORMAT (IHI) 

PRINTH , ( W ( I ) , I = 1 ,0 ) 

11 FORMAT! 10X,7E15„6) 

1.5 C0NTINU£ 

LA CONTINUE 

PRINTIO 
STOP 



